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Abstract

Resilience is gaining popularity in the water sector where it described as contributing to reduced
vulnerability to water-related risks and hazards including climate change. Unfortunately, literature in this
area, contributed mainly from North America and Europe, is fragmented with a concentration on
engineering resilience in water supply infrastructure. The absence of any scholarship on resilience for a
small island nation, coupled with the absence of sociological contributors to building resilience in this sector
motivated this research.
The goal of this research was to understand and evaluate how resilience is characterized and
operationalized in the Barbados water and wastewater infrastructure system, using a socio-technical system
framework. The socio-technical framework (physical components, people, institutions) allowed for
evaluation of the strengths and weaknesses of different pathways for building resilient water and wastewater
services at the Barbados Water Authority (BWA), a public statutory organization formed in 1981 with a
mandate to provide safe, reliable and sustainable water and wastewater collection and treatment services to
its customers. The mixed methods research approach included: interviews with 9 utility management
personnel, interviews with 3 utility management stakeholders, surveys of 144 utility employees,
comparative analysis, technology adoption interviews & participant observations at ten households,
document review & GIS database analysis, service-user report (complaint) analysis, a practitioner
workshop with 9 participants, and program financial cost assessment. Research in Barbados was conducted
between July 1, 2018 and December 1, 2019.
To identify the resilience properties, utility management, external management stakeholders and
utility employees answered the question “What does resilience for the Barbados water and wastewater
infrastructure system, and the BWA mean to you?” Analysis of these answers identified twenty-four (24)
resilience properties (anticipate, adaptive/flexibility, coping, learning, minimum level of service, recovery
xi

(ability to recover quickly), re-engineering fundamental processes, robustness/absorptive, buffering,
diversity, redundancy, climate resilience, energy resilience, financial resilience, physical system,
collaboration/collaborative, innovation and creativity, leadership, minimization of silos, staff engagement
and involvement, and stakeholder engagement), three (3) technology-based solutions (photovoltaic solar
systems, installation of booster pumps and water storage, and water supply augmentation by desalinization
and rainwater harvesting) and sustainability as characteristics that enable the Barbados water and
wastewater infrastructure system to be resilient. Unlike previous literature that focused water sector
resilience properties as technical, this research showed that fourteen (14) of the properties are applicable to
both the socio-governance and technical system components, 6 can be applied only to the socio-governance
system, and 3 can be applied only to the technical engineered system.
Part of the characterization of resilience also entailed identifying system challenges and
interventions required for the BWA to transition to resilient water services. Challenges across the
stakeholder groups included water supply scarcity, spare equipment availability, non-revenue water, staff
complement and required skillsets, customer engagement, tariff sustainability and budget constraints.
Consequent priority interventions included a creation of a maintenance program for existing assets, capital
improvement projects, water supply augmentation, workforce training, succession planning, leadership and
governance, inter-agency partnerships, water-energy nexus company opportunities, regulatory compliance,
and utility financial planning. For these eighteen (18) recommended interventions those already supported
by the current BWA’s governance structures, policies and practices will be easier to operationalize.
Whereas, others will require intentional planning and implementation to change the infrastructure system.
The transition to resilient utility services will therefore require an alignment of the stakeholder interventions
with BWA plans, policies and practices.
Designed to provide water for a family of four under normal consumption and emergency
conditions for 2.8 to 4 days respectively, the BWA’s Personal Tank Program (PTP) faces challenges with
cost sustainability, staff cuts, delays in the technology adoption process due to incomplete or incorrect
fulfilment of customer pre-installation requirements. To support the PTP’s implementation, a re-envisioned
xii

Public Private Partnership (PPP) using a performance-based management and operation contract was
proposed by micro, small and medium-sized enterprises (MSMEs). Socio-technical factors that are barriers
and/or enable success of the PTP include: affordability of service user system payments which are
equivalent to 4.8% of the annual income of the those program participants who earn less than BBD 20,000
per year (approximately 50%); incorporating gender considerations in program and technology design, a
formal training program for system use, maintenance and water quality monitoring; system design
alternatives that reduce pump energy use; an enabling environment for execution of the PPP that facilitates
knowledge co-development, and includes a grievance and conflict resolution mechanism; and a utility
funding mechanism to support this program over the long term that is not solely reliant on grant funding.
The BWA’s PTP is a unique example of actionable lessons that leverage social and technical
factors, for successful utility service delivery, and household potable water storage technology adoption.
With the nascent trend of water utilities providing households with services beyond the meter, resilience
learning for water sector transition and change in this Caribbean context, can inform overall resilience
practices for the sector globally.
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Chapter 1: Introduction

1.1 Water Sector Resilience in a Socio-Technical System
For the last 5 years, “climate risk and resiliency” has been ranked as one of the top 30 issues facing
the water industry (AWWA 2019; 2018; 2017; 2016; 2015). In the 2019 State of the Water Industry Report,
stakeholders across all utility sizes reported that they had full implementation, ongoing progress and/or
interest in risk and resilience assessments in response to identified and growing uncertainty surrounding
threats and challenges that impact water supply, delivery and demand (AWWA 2019). In the US and UK,
changes to national legislation and policy for the water sector have incentivized and required utilities to
incorporate resilience in their operations and strategic planning (Humphreys 2018; Ofwat 2015).
Simultaneously, and in response to these developments, utilities have formed communities of practice and
spaces for resilience learning (e.g. Water Utility Climate Alliance), water sector professional organizations
including AWWA, International Water Association, Water Environment Federation, and the Caribbean
Water and Wastewater Association have held resilience themed conferences, and university, research,
government and international development agencies have developed frameworks and tools that provide
guidance on creating resilient water systems and utilities (WUCA 2018; Butler et al. 2014; Butler et al.
2016; US EPA 2020; World Bank Group 2018).
Resilience popularity in water research has seen a marked increase in the last decade with English
language scholarship originating primarily from the United States, Australia, and the United Kingdom,
followed by China, Sweden, The Netherlands, South Africa, and Italy (Rodina 2019). Water-related
resilience research (planning, engineering, governance, management) has significantly increased since
1982, where there were zero English language publications related to the topic, compared with 149 peer
reviewed papers published from January to July in 2017 (Rodina 2019. Literature in this area is fragmented,
with a concentration on engineering resilience in water supply infrastructure, and building resilience in the
1

water sector is often generally described in two (2) ways: 1) as contributing to reduced vulnerability to
water-related risks and hazards, and 2) improved water security in the face of climate change (Rodina 2019).
Inconsistent theoretical framings and applications have led to no singular agreed upon definition (Lawson
et al. 2020; Rodina 2019; Butler et al. 2014). Lack of consensus on definition, metrics and the measuring
of resilience have been identified as the three (3) main barriers to operationalization of this concept in the
water sector (Lawson et al. 2020).

Figure 1.1: Water utility infrastructure service delivery in a socio-technical system
As critical infrastructure, water falls under socio-technical systems (Lawson et al. 2020). Sociotechnical systems acknowledge and highlight that infrastructure systems function through interactions
between people (service users, workforce), physical engineered components (technical hardware) and
institutions (governance and management arrangements) in order to provide a continuous flow of essential
goods and services to the society (Figure 1) (Homeland Security 2018; RESILENS 2018; Bryan 2017; US
EPA 2015). Socio-technical theory proposes joint optimization of interactions between social and technical
aspects of a system which adds complexity and unpredictability to system performance, with resulting undesigned and non-linear relationships (Walker 2015). Planning for, and coping with uncertainty due to the
plethora of complex issues facing the water sector requires systems that are “safe to fail” (Meerow and
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Newell 2015). A safe to fail system means having the ability to respond to the change and manage
performance based on existing operating conditions (Butler et al. 2016). This perspective diverges from
engineering system resilience and risk management approaches which have dominated the field of water
resilience research, and seeks to create “fail-safe” systems that are stable, efficient, and predictable (CasalCampos et al. 2018; Mugume et al. 2015; Meerow and Newell 2015).
Transformation of social and technical factors is required for transitioning to resilient water
services. Social factors like organizational culture, poor leadership and changing staff profiles impact the
overall resilience of the water sector (Baker et al. 2018). Although these groups impact water system
performance, utility workforce, customers (service users), and other stakeholders are not frequently
referenced or studied in water resilience research (Lawson et al. 2019).
Organization (utilities) and community resilience are related (Lee, Vargo and Seville 2013). The
water utility’s critical infrastructure provides access to water and sanitation, social services that contributes
to community and individual social resilience. Organization and community system stakeholders perceive
their own resilience pathways, which means that for resilience characterizations (definitions) to be inclusive
and equitable, they need to capture different views to understand the resilience strengths and weaknesses
in the system, and therefore resilience- building actions subsequently proposed can have different outcomes
for the respective groups (Lee, Vargo and Seville 2013). Community resilience theory indicates that the
most direct expression of tangible effects of operationalization of resilience pathways, that takes this
concept from theory, to policy and decision making, to planning, and finally to action, is at the household
or individual level (Wilson 2012). Landscape (external factors), regime (utility) and niche (community
spaces) are three levels identified in multi-level perspective (MLP) that are used to describe and analyze
socio-technical transition and change (Geels 2011; Geels and Schot 2007; René Kemp, Rip, and Schot
1998). MLP facilitates identification of how changes in one element in the network can trigger changes in
other elements (Geels and Schot 2007; Geels 2002).
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1.2 Research Motivation, Significance and Literature Gaps
There has been a drive by governments, utilities and funding agencies to climate proof the water
sector in the Caribbean, with an estimated USD 5 billion needed to upgrade the water and sanitation services
over the next decade from a mix of private and public sector investments (CDB 2014; Caribbean
Infrastructure Forum 2017). To guide these activities, the Regional Strategic Action Plan (RSAP) for
Governance and Climate Resilience in the Water Sector, and the Caribbean Water Sector Resilience Index
(CWSRI) have been developed (Fletcher 2018, Walmsley and Personna. 2019). The RSAP’s focus on
governance will address conflicts of interest with water service provision and water resources management,
the latter of which is typically lacking dedicated focus or characterized by duplication and conflicting
functions (Cashman 2012; 2011). The CWSRI has proposed regional investment plans, not yet adopted, at
the respective country levels, that address water security and climate resilience challenges, including
resilient infrastructure, water efficiency, re-use and augmentation, and the impacts of drought and flood on
water management. Development of the CWSRI was done via consultative processes; however, the index
was created using Ofwat’s (UK Water Sector Financial Regulator’s) definition of resilience “the ability to
cope with, and recover from disruption, and anticipate trends and variability in order to maintain services
for people, and protect the natural environment now and in the future” (Ofwat 2015). An independent group
commissioned by Ofwat to advise on what resilience means for the UK water sector recommended that
metrics should be developed based on a shared definition that reflects system priorities and realities, for
without this, progress towards stated goals can be restricted (Ofwat 2015).
Financing these infrastructure investments is a challenge for Caribbean countries which are
economically fragile because of their size, remoteness, exposure to multiple natural hazards, a political
culture of short term planning horizons, inadequate budgetary allocations for capital maintenance, low
economic growth, and high levels of debt (Wilkinson, Twigg, and Few 2018; Caribbean Infrastructure
Forum 2017; IMF 2013). With limited resources, these countries rely on the international donor community
through bilateral (Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ), United States Agency
for International Development (USAID), multilateral (World Bank (WB), Inter-American Development
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Bank (IDB), European Bank for Reconstruction and Development (EBRD) and regional Caribbean
Development Bank (CDB) institutions to finance these investments. In recent years, these donor agencies
have also integrated resilience as an objective of their work, with a focus on climate-resilient development
(IDB 2014; The World Bank Group 2013; USAID 2014; CDB 2012). Although international donor agency
resilience frameworks may not completely align with or reflect Caribbean realities and priorities,
embedding climate resilience in projects is relevant for the Caribbean, since the probability of the Region
being hit each year by a natural disaster is 10-24% (CDB 2014; Nicolai et al., 2016).
At the national level in Barbados, via the project Water Sector Resilience Nexus for Sustainability
in Barbados (WSRN S-Barbados) co-financed by the Green Climate Fund (GCF), actions being
implemented to build resilience to sector challenges include centralized interventions at the utility, e.g. pipe
replacement, non-revenue water management, and integration of renewable energy technologies, and
decentralized interventions at the household and community levels like investment in potable and rainwater
storage (CCCCC 2018). In response to water infrastructure breakdown and failure, and lack of funding to
support renewal, repair and replacement of the system components, the sector shift in utility coping
strategies and interventions “beyond the meter,” and at the household level represent a reactive but strategic
use of less capital and cost intensive solutions to provide customers with safe and reliable water services.
For example, to build utility and community resilience to supply interruptions in Barbados, interventions
considered include pipe replacement at a cost of BBD 1M per km, versus investment in household potable
storage at a cost of BBD 4,800 per system, with the latter option having the added possibility and benefit
of sharing these costs for intervention with the service user via the Barbados Water Authority Personal
Tank Program ( PTP) (Isaacs, Cadogan and Trotz 2019).
Traditionally, water utilities are known to limit their operational responsibility to the meter (outside
of the customer’s gate), the point of connection to the service lines from the mains into the residence. Recent
crises, like high levels of lead in drinking water at the customer’s tap, have led utilities to supply Point of
Use (POU) filters to homeowners in cities across the US like Flint, MI, and Newark NJ, shifting its’
responsibilities into the residence (Johnson 2019; Martin et al. 2019). While POU filters properly installed
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at the tap have significantly reduced lead concentrations in Flint residences, a study has suggested that these
installations promote harmful bacterial growth (Bosscher et al. 2019; Maki et. al 2019). More recently,
Gomez et al. (2020) critiqued the validity of the Maki et al. (2019) study on the basis of its methods, and
cautioned that the consequences could dissuade people from using filters in homes with high levels of lead.
The discussion on POU as an integral part of providing safe potable water at the tap has been growing for
some time with relevance to both inorganic and organic contaminants (Ward Brown et al. 2017), and for
smaller utilities in the US, POUs have proven to be more cost effective than centralized treatment, and
many approved by the US EPA are installed as a partnership between utility and customer with no additional
financial burden placed on the customers (Verhougstraete et al. 2019). While private enterprise has supplied
all sorts of treatment systems in the home, the integration of that into larger utilities’ service mandate is
nascent. Like the POU filters being distributed by the utility in Flint for improved water quality, the PTP
represents a utility integrating infrastructure for potable water storage beyond the meter and inside the
customer’s gate because of service supply disruptions, including those due to natural disasters. Both of
these examples stem from a breakdown in centralized infrastructure, either old unhealthy pipes as is the
case in Flint, or leaky ones as is the case in Barbados. The interventions and contexts, however, have
potential implications for wider use by utilities amidst increased customer interest in improved water quality
at the tap, and a redundant supply of potable water in the event of a natural disaster or global pandemic.
Although the BWA is not required to comply with water sector resilience legislation, it is
implementing projects with resilience as a goal, without an established definition for this term in their
context. The BWA, however, is in a stage of transition. The occurrence of water and wastewater crises in
the last 5 years, creation of a customer assistance program – the Personal Tank Program which includes the
utility’s participation in domestic potable water storage technology adoption, and limited compliance with
the newly established 2018 Fair Trading Commission’s (Regulator) Standards of Service, are challenges
that present a chance for the BWA to make key decisions and changes that will reduce future risks, and
streamline the process of strengthening water resilience through all aspects of society (FTC 2019; Trotz,
Prouty and Isaacs 2018). Additionally, the BWA experiences the majority of the top 30 issues facing the
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water industry as highlighted in the 2019 State of the Water Industry Report (AWWA 2019). Against this
background, it is important for the BWA to characterize what general resilience means for their context,
and understand how pursuing resilience aligns with, and supports their existing mandate to provide safe,
reliable, and sustainable services to their customers.
The proposed research for this dissertation will seek to contribute insights into the following
literature gaps identified:
•

Most of the English language water resilience publications have been from developed country
contexts (US, UK, and Australia). This work provides a case study in Barbados, a Caribbean
small island developing state context where unique utility and infrastructure system
characteristics can provide new insights for the water sector.

•

To address the lack of consensus on a definition of resilience in water sector research, and the
potential shortcomings of application of definitions developed in different cultural contexts,
this work will take the first step to characterize resilience in Barbados’ water and wastewater
infrastructure system in terms of resilience properties/capacities, stressors (challenges), and
interventions. These characteristics are described as essential resilience assessment elements
(van der Mewre, Biggs and Preiser 2018; Juan Garcia et al 2017; Lee, Vargo and Seville 2013).
Once identified these characteristics can then be used as building blocks to inform or adapt
metrics and indicators, that can assess, track and monitor progress towards becoming a more
resilient water infrastructure system

•

The dominant focus of water resilience literature has been on engineering resilience of
technical components and climate resilience. This work will address the need for application
of a socio-technical system framework to allow for joint optimization and transformation of
social and technical system components. This approach will provide a more holistic and
inclusive characterization of the water infrastructure system and utility resilience priorities that
can be used to plan appropriate interventions.
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•

The socio components of socio-technical resilience affect system performance and are lesser
explored in water resilience literature. This work will contribute workforce, service user (utility
customers) and other stakeholder perspectives to the discourse.

•

Operationalization of resilience for the utility is best manifested at the household level where
tangible outcomes of resilience planning activities can be observed. With the trend of utilities
providing households with services beyond the meter, the Barbados Water Authority’s
Personal Tank Program is a unique example to study the socio-technical factors that can be
leveraged for successful household water storage system adoption.

1.3 Research Goal, Objectives and Dissertation Synopsis
Given the research gaps highlighted above in Section 1.2, the overall goal of this dissertation is to
understand and evaluate how resilience is characterized and operationalized in the Barbados water and
wastewater infrastructure system, using a socio-technical system framework. This dissertation will use the
Barbados Water Authority’s experience as a socio-technical system as its study site. Barbados, a small
island developing state in the Caribbean, is a particularly strong case study to explore this goal because it
provides a microcosm of the range of present and future challenges, and vulnerabilities to be faced by water
utilities globally. The BWA’s Personal Tank Program also provides a unique case for exploration of how
adoption of domestic potable water storage systems builds resilience of service users (customer) to supply
interruptions. It enables the study of socio-technical interactions along a proposed resilience pathway.
Resilience learning for water sector transition and change in a Barbados context can therefore inform overall
resilience for the sector globally.
To achieve this research goal, the following two (2) objectives and six (6) research questions (RQs)
guide this dissertation:
1. Characterize resilience for the Barbados water and wastewater infrastructure system
•

RQ 1.1 How is resilience characterized by water utility employees and community
stakeholders?
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•

RQ 1.2 What are the challenges that limit the utility’s ability to provide safe, reliable and
sustainable water and wastewater services?

•

RQ 1.3 What interventions are needed to enable the utility to provide safe, reliable and
sustainable water and wastewater services?

•

RQ 1.4 What lessons can be learnt from the BWA’s characterization of resilience when
compared with existing water sector resilience literature and frameworks?

2. Develop a framework to guide program planning and implementation of the Barbados Water
Authority Personal Tank Program
•

RQ 2.1 What socio-technical factors impact successful program execution and adoption of
domestic potable water storage systems?

•

RQ 2.2 What interventions are needed to improve water utility delivery of this service?

The remainder of the dissertation is structured as follows: Additional literature review and
background context for this research are presented in Chapter 2. The methodology and tasks that are
required to answer these objectives are detailed in Chapter 3. Results for “Characterize resilience for the
BWA infrastructure system,” Objective 1, are discussed in two (2) parts. Chapter 4 presents three (3)
stakeholder groups (utility management and employees, and external management stakeholders)
perspectives on what resilience means for the Barbados water infrastructure system. It analyzes their
responses to identify system resilience properties, and discusses them in the context of the of water sector
resilience literature. Then Chapter 5, discusses the stakeholders’ perspectives on existing challenges
(stressors) and interventions the BWA can pursue to provide their mandated performance, and transition to
resilient water services. Results for “Develop a framework to guide planning and implementation of the
BWA Personal Tank Program,” Objective 2, are discussed in Chapter 6 as a case study on how to
operationalize resilient water services at the household level, using the experiences of three (3) stakeholder
groups (utility, private sector, service user). Overall conclusions and recommendations from Chapters 4-6
are provided in Chapter 7. Important supplementary information and documentation are included in the
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Appendices. The socio-technical system boundary for this dissertation includes physical system
components owned and or operated by the BWA. Socio-governance components were limited mainly to
utility employees and management stakeholders, plus interviews during field site visits to service users of
the PTP.
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Chapter 2: Literature Review

2.1 Introduction
This section provides a review of literature that supports a fundamental understanding of this
dissertation’s research goals and relevance of the research questions. It provides background information
that informs the analysis of results for Objective 1 & 2 in Chapter 4 – Characterizing Resilience, Chapter 5
– Transitioning to Resilient Water Services, and Chapter 6 – Operationalizing Resilience. This section is
structured as follows: Firstly, Section 2.2 presents resilience definitions from different disciplines. This is
followed by a brief description of two dominant paradigms in resilience conceptualization – static vs
dynamic equilibrium, and an overview of key related terms – sustainability, vulnerability and adaptation.
Then in Section 2.3 resilience in engineering and infrastructure systems is described. This section highlights
the differences in definition of infrastructure system resilience as a sub-domain of engineering resilience,
and its link to socio-technical system. Section 2.4 presents an overview of resilience in socio-technical
systems that provide essential services. The role of organization system resilience in managing these
essential services is also described. To identify indicators of resilience, Section 2.5 summarizes the
conceptualizations of resilience properties and principles as described in engineering, socio-technical and
organization systems. Lastly, in Section 2.6 to operationalize resilience with a focus on learning, sociotechnical transition management is described.
2.2 Resilience Definitions Across Disciplines
Resilience is a concept gaining momentum in public discourse, industry, practice and in academic
research. As an evolving concept there is no singular agreed upon definition (Martin-Breen and Anderies
2011; D. Butler et al. 2014; Bhamra, Dani, and Burnard 2011; Meerow and Newell 2015; Hosseini, Barker,
and Ramirez-Marquez 2016). Resilience originates from the Latin word “resiliere” which means to bounce
back. It is being explored in an array of fields and topical contexts such as ecology, economics, psychology,
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engineering, environmental science, international development, hazards research, climate change
adaptation, urban planning and disaster and risk management (Hosseini, Barker, and Ramirez-Marquez
2016; Webb 2007; Meerow and Newell 2015). Across disciplines and levels of precisions, definitions of
resilience balance an interplay of resistance, transformation and persistence. They emphasize the capacity
to function in spite of external shocks and directed change, and the ability to anticipate, adapt, withstand,
absorb, minimize consequence, and recover to maintain system function (Bhamra, Dani, and Burnard 2011;
Martin-Breen and Anderies 2011; Haimes 2009). Also, to utilize and measure the concept, the question
“resilience of what to what?” must be answered (Hosseini, Barker, and Ramirez-Marquez 2016; Carpenter
et al. 2001). Examples of resilience definitions in various disciplines is provided in Table 2.1. Each of these
fields highlight the facets of resilience that are most important to them, thus contributing to multiple
conceptual tensions. Fundamental to these tensions is the general dichotomy of static and dynamic
equilibrium conceptualizations of resilience (Pendall, Foster, and Cowell 2010; Meerow and Newell 2015).
Table 2.1: Resilience definitions from different disciplinary perspectives
Discipline
Resilience Definition
Socio-Ecological
System

“Resilience is defined as the capacity of a system to absorb disturbance and
reorganize while undergoing change so as to still retain essentially the same
function, structure, identity and feedbacks.” (Walker et al. 2004)

Engineering
System

“Resilience is the degree to which the system
of service failure magnitude and duration over
when subject to exceptional conditions.” (Butler et al. 2014)

Infrastructure
System

“Resilience of infrastructure systems is their ability to predict, absorb, adapt, and
or quickly recover from a disruptive event such as natural disasters.”
(US Homeland Security 2018)

Infrastructure
System

“Resilience of drinking water systems refers to the ability of the human
organizations that manage water to design, maintain, and operate water
infrastructure (e.g., water sources, treatment plants, storage tanks, and distribution
systems) in such a way that limits the effects of disasters on the water
infrastructure and the community it serves, and enables rapid return to normal
delivery of safe water to customers.” (US EPA 2015)

Socio-Technical
System
(applied to
essential services)

“Resilience of essential services is the capacity of complex adaptive sociotechnical systems to sustain the production of essential services in the face of
disruption and ongoing social, technological, and environmental change.”
(Van der Merwe, Biggs and Preiser 2018)

minimizes level
its design life
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Table 2.1(continued)
Discipline

Resilience Definition

Organizational
System

“To be resilient, organizations rely on strong leadership, an awareness and
understanding of their operating environment, their ability to manage
vulnerabilities, and their ability to adapt in response to rapid change.” (Lee, Vargo
and Seville 2013)

Organizational
System

“Resilience is the ability to recognize & adapt to handle unanticipated
perturbations that call into question the model of competence, and demand a shift
of process, strategies and coordination.” (Fujita 2006 in Francis and Bekera 2014)

2.2.1 Dominant Paradigms in Resilience Conceptualization: Static vs Dynamic Equilibrium
Static resilience envisions a system that returns to or maintains a steady state equilibrium reflective
of initial or pre-disturbance conditions (Meerow and Newell 2015). It focuses on ensuring efficiency of
function following failure (system performance). Conversely, dynamic resilience embraces a perspective
that allows multiple stable equilibrium states post-disturbance (Gunderson 2000). This focuses on
maintaining the existence of function (system integrity). The system is therefore fully functional without
bouncing back to the previous equilibrium (Holling 1996). A graphical depiction of static and dynamic
steady state equilibrium is presented in Figure 2.1.
This static conception (return to normalcy and ensuring efficiency of function) was termed
Engineering resilience (Webb 2007; Bryan 2017; Meerow and Newell 2015). Holling named this
Engineering resilience because engineered systems such as bridges and infrastructure are often designed so
as to resist large stresses, return to normal or original, and return quickly when the stress is removed
(Pendall, Foster, and Cowell 2010; Holling 1996). Engineering resilience seeks to create “fail-safe” systems
that are stable, efficient, and predictable, whereas ecological resilience focuses on persistence in spite of
change and unpredictability (ensuring existence of function (system integrity)), and designs systems to be
“safe to fail” (Meerow and Newell 2015; Gunderson and Holling 2002; Holling 1996). Following a
disturbance, ecological resilience is focused on maintaining existence of function (system integrity), and
engineering resilience focuses on ensuring efficiency and predictability of function (system performance)
(Butler et al. 2014). Ecological resilience and engineering resilience are 2 dominant paradigms/frameworks
in literature on this topic (Meerow and Newell 2015; Webb 2007; Holling 1996).
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Figure 2.1: Static and Dynamic Resilience (adapted from Juan-García et al. 2017; originally in Holling
1996)
2.2.2 Resilience and Key Related Terms
In the water sector, discourse on resilience is following a similar trajectory like its popular
predecessor sustainability. The debate on the definition of sustainability, sometimes shorted to “people,
planet, prosperity” with later iterations adding “peace and partnerships” continues, with multiple
proponents of varying sustainability criteria, indicators and metrics at different scales of implementation
(Ries 2016; Zhang et al 2016; United Nations 2015; Schweitzer and Mihelcic 2012). Sustainability, is not
a fixed state, but instead a goal moving along a trajectory towards societal ideals, and seeks to maximize
social, economic and environmental goals by maintaining or improving its function over the long term into
the future (Rodina 2019; Butler et al. 2014; Sneddon et al. 2006). Both time dependent concepts, although
over different scales, sustainability and resilience are interrelated and can be increased. Both concepts
accept that change is inevitable, and requires water systems to be able to adapt to changing operation
conditions and cope with uncertain futures (Milman and Short 2008). Trade-offs between the two concepts
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occur as their objectives and interventions at temporal or spatial scales can conflict and negatively impact
each other (Leigh and Lee 2019). Resilience is necessary but not sufficient for sustainability, and the detail
of their relationship, e.g. how to maximize sustainability by building resilience, is currently unknown
(Butler et al. 2014; Butler et al. 2016). Despite these tensions, resilience, like sustainability, is expected to
dominate the rhetoric and policy, and guide the direction of water sectors globally (Johannessen and
Wamsler 2017).
Like resilience, vulnerability and adaptation relate to coping with uncertain or changing futures
(Meerow and Newell 2015). All the terms address the system’s capability to withstand threats, however
vulnerability and adaptation address only a system’s protection, while resilience also focuses on the
system’s recovery following a disruptive event (Martin-Breen and Anderies 2011; Johansson 2010; Haimes
2009). Adaptation and adaptive capacity are precursors towards achieving resilience. Adaptation is viewed
as a resilience capacity and reflects a system’s ability to develop means to accommodate potential shocks
without irreversible or unacceptable declines in performance, structure and function, and transform into
more desirable states (Francis and Bekera 2014; Milman and Short 2008). A system’s adaptive capacity is
enhanced by its ability to anticipate disruptive events (Hosseini, Barker, and Ramirez-Marquez 2016).
2.3 Resilience in Engineering and Infrastructure Systems
In comparison to other disciplines, the concept of resilience in the engineering field is relatively
new. A review paper of articles published from 2002 to April 2015 found a lesser proportion of resilience
related research in the engineering domain as compared to ecological, social, economic and organizational
domains (Hosseini, Barker, and Ramirez-Marquez 2016). Definitions of engineering resilience in these
papers emphasize (1) the ability of the system to maintain functionality and design performance in the
presence of a disturbance and unpredicted changes, and (2) time to recovery to limit duration and failure
magnitude (Wang and Blackmore 2009). The engineering resilience literature also proposes quantification
of resilience using measures of system reliability (e.g. sum of passive survival rate), and rapid restoration
(e.g. proactive survival rate). Further, to understand how resilience can be defined and measured in
engineered systems, factors such as normal system function, how the system fails (middle states), desired
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system properties, stressors (threats, hazards, risks), and how interventions impact system performance
need to be understood (Juan-García et al. 2017).
An engineered or technical system is a combination of variables that work in synergy to collectively
perform a useful function (Juan-García et al. 2017). In resilience literature, technical critical infrastructure
systems (water supply, wastewater treatment, electrical power supply, telecommunication, and
transportation) are a sub-domain of engineering resilience because their construction and restoration (repair
and maintenance) require engineering knowledge (Johansson 2010). Technical critical infrastructure is also
a sub-domain of social resilience, and provide services to people and communities, and lack of their
resilience leads to adverse impacts on society (Hosseini, Barker, and Ramirez-Marquez 2016; Walker
2015). Combining these influences, technical infrastructure belongs to a category of socio-technical
systems, because their function highly depends on the interaction of both physical and actor networks.
Actors determine the development of the physical network, and the network structure affects the behaviour
or the actors (Johansson 2010).
Engineering has been slow to transition from a static to dynamic conceptualization of resilience.
Engineered systems emphasize that returning to steady state performance level is needed for resilience,
while technical infrastructure systems definitions do not impose that the system return to a pre-disturbance
state (Juan-García et al. 2017). Resistance to a disturbance and speed of recovery to only one stable state
suggests that the engineering resilience definition applies only to behaviour of linear systems, and is based
on efficiency, control, constancy and predictability (Bryan 2017; Gunderson and Holling 2002). This type
of resilience may not be easily transferable to social systems like communities and organizations because
they are complex, unstable and non-linear systems. Recovery in social systems may not constitute a return
to normal, as opposed to the recovery experienced in engineering systems (Medd et al. 2015).
2.4 Resilience in Socio-Technical and Organization Systems
Socio-technical theory proposes re-organizing interactions between social and technical aspects of
a system for joint optimization (Walker 2015; Trist 1981).With reference to critical services, resilience is
the capacity of adaptive socio-technical systems to sustain the production of essential services in the face
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of disruption and ongoing social, technological and environmental change (van der Merwe, Biggs and
Preiser 2018). The ability to learn, anticipate and plan is integral to the resilience of the combined sociotechnical system (Ruth and Goessling-Reisemann 2019). Additionally, sometimes part of the system
performance is sacrificed.

Components sacrificed to remove barriers to system performance and

improvement, allows for new behaviours, institutions, and technologies to be put in place (Ruth and
Goessling-Reisemann 2019). This process transforms the system.
Essential services to communities are provided and managed by organizations. To be resilient,
organizations rely on strong leadership, their ability to understand their operating environment, and adapt
to manage vulnerabilities identified. (Lee, Vargo and Seville 2013). Communities provide the workforce
for and rely on services provided by organizations to enable them to plan for, respond to, and recover from
emergencies. Therefore, failure of organizations impacts communities (Lee, Vargo and Seville 2013).
Within this context, the most direct expression of tangible effects of operationalization of an organization
resilience pathway, that takes this concept from theory, to policy and decision making, to planning, and
finally to action, is at the household or individual level (Wilson 2012).
2.5 Resilience Properties in Engineering, Infrastructure, Socio-Technical and Organization Systems
The first step in building consensus on a definition is to characterize system properties/capacities
and practices that enable resilience in the water infrastructure system (Lawson et al. 2020; Juan Garcia, van
der Ween, Biggs 2018; Lee, Vargo, Seville 2013). In engineering resilience theory (technical/built
systems), indicators of resilience are categorized in three ways: 1) general (property or attribute-based), 2)
specific (performance-based), and 3) technology-based (Juan Garcia et al. 2017; Rockström et al. 2014;
Butler et al. 2014). General resilience refers to assessment of an entire system that enables it to limit failure
duration and magnitude to any stressor, while specific resilience refers to assessment of a particular part of
a system against a set of particular stressors (Juan-García et al. 2017). General resilience is typically
descriptive in nature and often impossible to measure analytically (Juan-García et al. 2017). Since no two
utilities are the same due to differences in geographic location, supply source, age and condition of delivery
network and water demand characteristics due to changing demographics, specific metrics for direct
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comparison may not be suitable, but instead, more generalized indicators of resilience performance can
allow comparison across utilities (Ofwat 2015). Lastly, technology-based resilience refers to equipment
that can improve the preparedness of the user for disruptive events. Devices used for flood resilience are
well studied in this area (Butler et al. 2014). Rainwater harvesting, and potable water storage tank systems
also perform a similar function during a water shortage (Schoen et al. 2015).
Resilience is similarly conceptualized in socio-technical systems. There is general social and
general technical resilience, and specified social and specified technical resilience (van der Merwe, Biggs
and Preiser 2018). General refers to resilience to novel and unknown risks, while the specified represents
resilience to specific risks. Both of these are descriptive in nature and details on each category is provided
below:
•

General social resilience is established through people, processes and institutions. It leverages
collective human agency of the system.

•

General technical resilience is established through network topology, or adaptive technologies
that enable an agile response across the system in dealing with uncertainty. It leverages system
flexibility.

•

Specified social resilience is established through processes and institutions in the social
domain. It builds specific skills, response capabilities, and plans in the system.

•

Specified technical resilience is built into technical infrastructure to ensure that it is reliable
and secure. focuses on building robustness into the system.

In organizations, the socio-governance system properties that are indicators of resilience are
characterized as planning and adaptive capacities (Lee, Vargo and Seville 2013; McManus 2008). Planning
capacities indicate the ability of the system to identify and propose plans /interventions to manage
vulnerabilities, and adaptive capacities refer to the ability of the system to limit failure duration and
magnitude and be transformed (during recovery). Situation awareness or vulnerability identification are the
equivalent of stressor/challenge identification in engineering systems
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In addition to resilience properties, stressors (challenges), and interventions are three (3) factors
described as essential resilience assessment elements in engineering, socio-technical and organization
systems (van der Merwe, Biggs and Preiser 2018; Juan Garcia et al. 2017; Butler et al. 2014).
Characterization of these three (3) factors is a precursor for development of metrics and measuring of
resilience in a water infrastructure system framework. A list of resilience properties and principles from
these disciplines that are applicable to this dissertation is provided in Table 2.2.
Table 2.2: Resilience properties from engineering, infrastructure, socio-technical, and organization systems
literature
Source
Indicator
Definition
General Resilience
Ofwat 2015
Anticipate
Anticipate trends and variability in order to maintain services
Butler et al. 2014 Buffering
Design with studied excess capacity
Francis and
Bekera 2014
Butler et al. 2016
Butler et al. 2014

Meng et al. 2018

Francis and
Bekera 2014
Mugume et al.
2015
Butler et al. 2016
Francis and
Bekera 2014

Butler et al. 2014
USAID 2014

Scott, Crootof
and KellyRichards 2016

Collaboration

Coordinated planning across sectors and networks

Cope

Any preparation or action taken to reduce the frequency,
magnitude or duration of the effects of an impact on a recipient
Diversity
Diversifying resource requirements and their means of delivery
with alternatives. Not relying on a single kind of solution means
not suffering from a single point of failure.
Efficiency
refers to how efficient it is if information is to be exchanged in a
network; assuming information transmission always follows the
shortest path;
Flatness
Avoiding hierarchical systems to adjust behaviour to surprises
quickly
Flexibility or
Accommodate changes within or around behaviours aimed at
Adaptive
building robustness and recovery
Learn
Learning aims to embed new knowledge, thereby reducing
consequences resulting from a threat
Minimum level The development of an organizational culture that has the ability
of service
to provide a minimum level of service during interruptions,
emergencies and disasters, and return to full operations quickly
General Resilience
Redundancy
Degree of overlapping function in a system
Specified Resilience
Climate
Climate-resilient development is about adding considerations of
Resilience
climate variability and climate change to development decisionmaking in order to ensure that progress toward development
goals now includes consideration of climate impacts.
Water-Energy
Holistic policy and tools to support the interlinkages among
Resilience
water, energy, and attendant infrastructure, coupled with the
populations that rely on them and the institutions for their
governance.
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Table 2.2 (continued)
Source
Lee, Vargo and
Seville 2013
Lee, Vargo and
Seville 2013
Lee, Vargo and
Seville 2013

Lee, Vargo and
Seville 2013

Lee, Vargo and
Seville 2013

Lee, Vargo and
Seville 2013

Indicator

Definition

Organization Resilience
The development and evaluation of plans and strategies to
manage vulnerabilities in
relation to the business environment and its stakeholders.
Proactive
The participation of staff in simulations or scenarios designed to
exercise
practice response arrangements and validate plans.
Recovery
An organization wide awareness of what the organization’s
Priorities
priorities would be following a crisis, clearly defined at the
organization level, as well as an understanding of the
organization’s minimum operating requirements.
Leadership
Strong crisis leadership to provide good management and
decision-making during times of crisis, as well as continuous
evaluation of strategies and work programs against
organizational goals
Minimization of Minimization of divisive social, cultural, and behavioural
silos
barriers, which are most often manifested as communication
barriers creating disjointed, disconnected, and detrimental
ways of working.
Staff
The engagement and involvement of staff who understand the
engagement and link between their own work, the organization’s resilience, and
involvement
its long-term success. Staff are empowered and use their
skills to solve problems.
Planning
Strategies

2.6 Operationalizing Resilience with Socio-technical Transition Management
Socio-technical change is described as a process of a reweaving of system elements via shifting
assemblies of associations and substitutions, where changes in one element in the network can trigger a
cascade of changes in other elements (Geels 2002). Landscape, regime and niche are three levels identified
in multi-level perspective (MLP) of socio-technical systems. For this socio-technical configuration, the
nested hierarchy reflects regimes embedded within landscapes, and niches within regimes. Using a MLP
helps to visualize and describe how technological transitions occur. An example of a niche innovation
transition for the water sector is provided in Figure 2.2. The dotted arrows indicate that the emergence of
niches is strongly influenced by existing regimes and landscape.
ST-Landscape refers to the external structure or context for interaction of actors. It includes
heterogenous factors such as oil prices, economic growth, cultural and normative values, environmental
problems, regulations and water use-practices e.g. rainwater harvesting and other alternative water source
use (Geels 2002). ST-Regime refers to rules, processes and coordinated structures for movement of
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materials, energy, people, information, goods, and services. These rules and structures are embedded in
institutions and infrastructure systems that serve large geographic areas, and are operated at national or
regional scales e.g. water services: supply, sanitation and drainage (Smith and Stirling 2008). Technological
regimes create stability because they guide system actors towards incremental improvements along
established development trajectories (Geels 2002).

Figure 2.2: Multi-level perspective nested hierarchy and dynamics of socio-technical change for a water
sector (adapted from Geels, 2002 & Ward et al., 2016).
ST-Niche refers to incubation spaces for “radical novelties” or alternative technologies (Geels
2002; Adrian Smith, Voß, and Grin 2010). Technology in niches start off very simple, with relatively low
technical performance, and can be inefficient and expensive. Niches provide protection from normal market
selection in the regime. They also provide spaces for building social networks for learning and innovation
(Geels 2002). Niches develop in response to problems of existing regimes or to fill needs not supported by
the existing regime e.g. use of alternative water sources, expanding decentralized wastewater treatment
options (Geels 2011; Ward et al. 2016; Quezada, Walton, and Sharma 2016; René Kemp, Rip, and Schot
1998). The study of these internal niche processes is referred to as strategic niche management (René Kemp,
Rip, and Schot 1998). For new technologies, markets and user preferences co-evolve. In niche management
technology “selection” is differentiated from “adoption.” Selection is described as more than adoption,
since users also must integrate new technologies in their practices, organizations and routines, something
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which involves learning, adjustments and domestication. The selection environment is also wider than users
and markets. Policies, institutions, infrastructures, cultural practices and maintenance networks influence
the selection (Geels 2002).
MLP highlights that the success of a new technology is not only governed by processes within the
niche, but also by developments at the level of the existing regime and the sociotechnical landscape. The
alignment of successful processes within the niche, reinforced by changes at regime level, and at the level
of the sociotechnical landscape will determine if a regime shift will occur, and a niche innovation becomes
a part of the regime (Kemp, Rip, and Schot 2001). In MLP, transformation, de-alignment and re-alignment,
technological substitution, and reconfiguration are 4 typologies that describe socio-technical transition
pathways (Geels and Schot 2007).
ST-Regime transitions usually span decades. In literature they are well documented for
transportation (Geels 2005), energy (Geels et al. 2016; Bosman et al. 2014; Verbong and Geels 2007), and
water (Quezada, Walton, and Sharma 2016; Sitzenfrei and Rauch 2014; Pahl-Wostl 2007) infrastructures.
ST-Niche transitions are relatively shorter, with technology adoption in a few years (A Smith and Stirling
2010). These transitions can be described as 4 stages: predevelopment, take-off, acceleration and
stabilization. In the water sector, niche transitions at the community and domestic scale for alternative
water source systems e.g. rainwater, greywater, recycled, desalinated, have been studied. ST-Niche
transition management studies include socio-economic drivers of technology acceptance and adoption
(Mankad and Tapsuwan 2011), influence of emotion, risk and threat perception of rainwater harvesting
(RWH) and greywater systems (Mankad 2012), influence of water scarcity on acceptance of greywater
reuse technologies (Domènech and Saurí 2010), participatory problem analysis in performance
improvement of RWH systems (Rajabu 2005), government investment in domestic RWH (Mwenge
Kahinda, Taigbenu, and Boroto 2010), modeling for economic cost and environmental analysis of RWH
(Morales-Pinz et al. 2015), practical, theoretical and social aspects of global RWH practices (Campisano et
al. 2017), information vs persuasive campaigns for recycled and desalinated water acceptance (Dolnicar,
Hurlimann, and Duc Nghiem 2010), role of social networks in RWH niche governance (Ward et al. 2016).
22

Caribbean island studies on RWH include best practices for improving water quality in rainwater (CEHI
2009), capacity building, knowledge exchange, and policy formulation (Dempewolf et al. 2015), and
financing of domestic RWH systems (Peters 2017). Studies of domestic potable water tanks systems are
limited to description of water use and storage practices, and interventions for water quality (Schafer and
Mihelcic 2012; Omisca 2011; Quick et al. 2002). Evaluation of factors such as risk, cost-benefit, life cycle,
and environmental impact for ST-Niche transition management are also encouraged (Smith and Stirling
2008).
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Chapter 3: Methodology

3.1 Introduction
Information presented in the literature review provided the guidance for the research approach
described in this chapter. The methodologies described below facilitated data collection and analysis to
answer Research Objectives 1 - Characterize resilience for the Barbados water and wastewater
infrastructure system, and 2. Develop a framework to guide program planning and implementation of the
Barbados Water Authority Personal Tank Program. A mixed methods research design that combined
complementary qualitative and quantitative methods was used to answer the research objectives. Each
method chosen answered one or multiple research questions. The qualitative data gathering approach
documented research participants’ perspectives on the Barbados water infrastructure system resilience, and
socio-technical management of the Barbados Water Authority (BWA) Personal Tank Program (PTP).
Where applicable, the analysis of the qualitative data required a quantitative approach. The mixed methods
approach also adds value to the research in 5 primary modes (Greene, Caracelli, and Graham 1989).
Different methods were used to identify new research questions or challenges (initiation), incrementally
build on the results obtained from one method (analysis development), allow clarification and illustration
of the results (clarification), evaluate the consistency of findings (triangulation), and obtain greater richness
and detail in the study facilitated by the specific features of each method (expansion).
A description of the study site is provided in Section 3.2, followed by details of the research
approach in Section 3.3. Data were collected from three (3) stakeholder groups to answer each objective.
Objective 1 captured information from utility management employees, non-management employees, and
external management stakeholders. Objective 2 captured information from PTP utility staff, service-users
or customers, and private sector contractors. All the methods that include human subjects research were
conducted according to the USF Institutional Review Board approved study (IRB# Pro00035567). One
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continuing review for this study was approved in 2019 (IRB# CR1_Pro00035567). The initial study letter
and continuing review approval letter are provided in Appendix A.
3.2 Study Site Description
The study took place in Barbados, a 430 sq km island nation in the south east of the Caribbean
Region located at latitude 13.1938887° and longitude -59.543198° (Figure 3.1). Classified as a high middle
income country, the 2018 population (286,641) reports a USD17,949.28 GDP per capita, and experiences
high human and social development, recording a human development index (HDI) of 0.813, ranking it 56
out of 189 countries, with a life expectancy at birth of 82.4 and 76.7 for females and males, respectively
(UNDP 2018; World Bank 2018). Barbados has a population growth rate of 0.23% (2020 est.) and is the
most densely populated country in the Eastern Caribbean with approximately one third (⅓) of the
inhabitants living in urban areas (CIA 2020). It has 11 administrative districts called parishes, with dense
urban populations in St. Michael and Christ Church. Bridgetown is the capital city and it is located in the
parish of St. Michael.
In Barbados, the author’s host research partner was the BWA (Figure 3.1). The BWA is a Statutory
Body created through an act of legislature, the BWA Act of 1980. The BWA currently falls under the
Ministry of Energy and Water Resources, a reassignment that changed after the Barbados May 2018
elections. In the previous government the BWA fell under the Ministry of Agriculture, Food, Fisheries and
Water Resource Management. Oversight for the BWA is provided by the Board of Directors comprising
technical sector experts and political appointees, and headed by a chairperson. Daily operations of the BWA
are led by the General Manager (GM), who is appointed on a contractual basis. In the last 5 years, the GM
contract lengths have varied from under a year to 3 years, and sometimes on a monthly basis. The Internal
Audit Department receives directives from, and reports directly to the Board of Directors and the GM. The
utility is structured into multiple field specific departments and the heads of these departments, Internal
Audit and the GM form the senior management of the Utility. In July 2019, senior management comprised
5 women and 5 men, serving in confirmed or acting capacities.
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The utility is unionized with 2 bargaining groups representing management and non-management
employees. Some of the Barbados Workers’ Union services include salary negotiations, grievance handling,
and guidance in terms of lay-off and severance, and lobbying government in support of workers’ interests.
The majority of the BWA employees are Black Barbadians, with some working there as long as 50 years.
The BWA works with a diverse group of external consultants, and contractors, many of whom are
internationally based. Given the contractual arrangements with external projects, many times the BWA
employees are not funded for their contributions which are considered a part of their regular job, and they
must work with external consultants whose salaries are higher than theirs in many cases. BWA revenue
comprises income from domestic, commercial, and cruise ship water rates, household contributions for
sewage management, and government subventions. Annual BWA expenditure is approximately BDS
100M, with staff emoluments and energy costs as the top two expenditure items.
The mandate of the BWA is to provide safe, reliable and sustainable water and wastewater
collection and treatment services to its customers. The population experiences 99.7% improved potable
water coverage, and 96.2% (8% sewered) access to improved sanitation (CIA 2020). Groundwater derived
from infiltrated rainfall is the main water supply source (90%) on this island, which is ranked among the
world’s 15th most water scarce countries and 16th most densely populated country (Trotz, Isaacs, and
Prouty 2018; Ministry of Environment 2010; Mwansa 2001). The BWA utilizes 21 well sources, 14
boreholes, 2 spring sources, and a brackish water desalination plant with an installed capacity of 7.96
millions of gallons per day (MGD) to produce 34 MGD of potable water (Ionics 2020; Trotz, Prouty and
Isaacs 2018; Leslie 2016). The Wastewater system comprises 2 Sewage treatment plants, the Bridgetown
Wastewater Treatment Plant, an activated sludge secondary treatment plant designed for 2.5 MGD with
1,500 sewer connections, and the South Coast Sewage Plant, a primary treatment facility designed for 6
MGD with 3,000 sewer connections (Edwards et al. 2018). The secondary treatment plant is >30 years old
and is poorly maintained (Nurse, Cashman, and Mwansa 2012). Treated wastewater from both plants is
discharged through outfalls into the marine environment, though temporary measures installed injection
wells at the South Coast starting in late 2017. The wastewater treatment plants are ill-equipped to process
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identified contaminants of emerging concern such as steroid hormones and prescription pharmaceuticals
which may contribute impacts on to the marine environment (Edwards et al. 2018).

Figure 3.1: Map of study location showing the Barbados Water Authority (BWA), the Desalination and
Wastewater Treatment Plants, with insert of map of Eastern Caribbean showing Barbados (Google Earth,
2020)1
Daily demand by the BWA’s 110,000 potable water service connections is approximately 32 MGD.
The delivery network comprises approximately 2,500 km of pipe of varying ages, with some sections dating
back to the 1850s. Pipe sizes range from ½” for customers to 21” transmission mains, and pipe materials
are primarily cast iron, ductile iron, polyvinyl chloride and high density polyethylene (Leslie 2016). Nonrevenue water estimates 44–49% with real losses (37%-39%) attributed to 900– 1,200 breaks per month
primarily in 4” mains. Other challenges impacting the BWA’s ability to maintain or improve their mandated
level of service include high debt, low tariffs, rigid labor contracts, lack of redundancy in power supply and

1

Included under the guidelines by Google Permissions (see Appendix I)

27

high energy costs representing one fifth (⅕) of the utility’s monthly expenditure (BBD 20M per year), lack
of funding for renewal and replacement of ageing and compromised infrastructure, low water system
storage (approximately 1 day), and water supply reduction and operational risks from climate impacts
associated with drought, flooding, tropical cyclones and saline intrusion (Isaacs, Cadogan and Trotz 2019;
Trotz, Isaacs and Prouty 2018; Cashman 2014). Water governance issues in Barbados include the absence
of a national water policy, or an adopted integrated water resources management plan, which has resulted
in duplication of responsibilities and overlapping efforts for water management (Cashman 2014; 2012).
The author participated in 3 field research missions to Barbados: 1) July 1–August 12, 2018, 2)
June 22 to August 17, 2019, and 3) November 19–December 1, 2019. During this period, the BWA
experienced unprecedented water supply interruptions, and wastewater system failures. A 1-in-96-year
drought and operational interruptions due to physical system breakdowns and well over pumping resulted
in the water crisis that left customers primarily in the north of the island without water for extended periods
(Isaacs, Cadogan and Trotz 2019). In response to this potable water need, the BWA introduced two
Customer Assistance Programs (CAPs) – provision of (1) Community and (2) Personal/Household tank
systems. Another result of the water crisis was the establishment of the first BWA Standards of Service
(2018-2020) by the utility consumer protection regulator - Fair Trading Commission (FTC 2017). With
3,000 connections, the South Coast Sewage System was the location of the wastewater concerns on the
island. It experienced breakdowns and blockages caused by improper disposal of Fats, Oils and Greases
(FOGs), and debris (Ewing-Chow 2018), amongst other challenges that have not been publicized. Flooding
exacerbated these challenges, causing sewage to overflow onto streets, and the increased volume of
wastewater exceeded the plant’s operating capacity, flowing through untreated and then discharged into the
marine environment. Further compounding these challenges was the change in Government in May, 2018
which introduced the Barbados Economic Recovery and Transformation (BERT) Program in compliance
with International Monetary Fund country debt restructuring activities. The BERT Program has resulted in
the loss of a government subvention in June, 2019, and workforce retrenchment contracting the utility’s
employee numbers from >800 in 2017 to 643 in May, 2019 (FTC 2019). Over the long term, these activities
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are expected to enable the BWA to become financially independent. Photos of the BWA water and
wastewater infrastructure are provided below in Figure 3.2.

Codrington Spring

Applewhaites Wellfield

Mount Stephney Pumping Station

Reservoir at Groves Pumping Station

Transmission Main

Distribution Pipe

Figure 3.2: Barbados Water Authority water infrastructure
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Community Water Storage System

Household Water Storage System

Fats, Oils and Grease (FOGs) clogging
wastewater system

Bridgetown Sewage Treatment Plant

Ground Mounted Photovoltaic Solar System
at Bridgetown Sewage Treatment Plant

Roof Mounted Photovoltaic Solar System at
Bridgetown Sewage Treatment Plant

Figure 3.3 Barbados Water Authority water storage and wastewater infrastructure
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3.3 Research Approach
Table 3.1 summarizes the methods used for Objective 1 (4 methods), Table 3.2 summarizes those
used for Objective 2 (5 methods). The methods are described as the tasks required for completion of this
research study. Tasks 1A–1D provide answers to Objective 1 and Tasks 2A–2E provide answers to
Objective 2. Data from three (3) different stakeholder groups are collected for both objectives. These
methods are described further in Sections 3.3.1 to 3.3.9 with respect to how they facilitate data collection
and analysis, and their outputs.
Table 3.1: Methods used to answer Research Objective 1 of the Dissertation Socio-Technical Transitions
in the Water Sector: Emerging Boundaries for Utility Resilience in Barbados
Objective 1: Characterize resilience for the Barbados water and wastewater infrastructure
system
Research Questions
(RQs)

Task 1A:
Interviews with
Utility
Management
X

Task 1B:
Interviews with
Management
Stakeholders
X

Task 1C:
Utility
Survey

Task 1D:
Comparativ
e Analysis

X

X

1.2 What are the challenges that
limit the utility’s ability to
provide safe, reliable and
sustainable water and wastewater
services?
1.3 What interventions are needed
to enable the utility to provide
safe, reliable and sustainable
water and wastewater services?

X

X

X

-

X

X

X

-

1.4 What lessons can be learnt
from the BWA’s characterization
of resilience when compared with
existing water sector resilience
frameworks?

X

X

X

X

1.1 How is resilience
characterized by water utility
employees and community
stakeholders?
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Table 3.2: Methods used to answer Research Objective 2 of the Dissertation Socio-Technical Transitions
in the Water Sector: Emerging Boundaries for Utility Resilience in Barbados
Objective 2: Develop a framework to guide program planning and implementation of the
Barbados Water Authority Personal Tank Program
Research Questions
(RQs)

Task 2A:
Technology
Adoption
Interviews &
Participant
Observation

Task 2B:
Document
Review &
GIS
Database
Analysis

Task 2C:
ServiceUser Report
(Complaint)
Analysis

Task 2D:
Practitioner
Workshop

Task 2E:
Program
Financial
Cost
Assessment

2.1 What socio-technical
factors impact successful
program execution and
adoption of domestic
potable water storage
systems?

X

X

X

X

X

2.2 What interventions
are needed to improve
water utility delivery of
this service?

X

X

X

X

X

3.3.1 Task 1A: Interviews with Utility Management
Interview questions were developed to capture information on utility management characterizations
of infrastructure system resilience (RQ 1.1), and challenges to (RQ 1.2) and interventions required for
system function and improvement (RQ 1.3). Appendix B includes the interview script and interview
questions. Semi-structured interviews were conducted at the BWA Headquarters with management level
employees at the Utility between July 30 and August 10, 2018. A purposeful sampling strategy was used
to identify nine (9) senior management employees representing the ten (10) Departments shown in Figure
3.2. Owing to a vacancy in senior management of the Administration Department, the Human Resources
Management Representative provided responses on their behalf. Interviewees were told the purpose of the
research and the socio-technical framework for infrastructure analysis was described to set the stage for the
discussion. Interviewee employment with the BWA at this time ranged from 2 months to 24 years, with 7
of the respondents working at least 8 years with the organization. Individuals with less than 8 years’
experience at the BWA worked for at least a decade in a management capacity at another public sector or
32

public statutory organization. Respondents included 3 women and 6 men, aged 40 to 70 years old.
Interviews ranged between 20 to 75 minutes.

Figure 3.4: Barbados Water Authority 2018 Organizational Chart (Source: Unpublished organization
internal document)
Interviews were recorded, transcribed, and the data was prepared in Excel with descriptors for
import and analysis in Dedoose. Dedoose is a Research and Evaluation Data App that enables efficient,
effective and convenient qualitative and quantitative data analysis. In Dedoose, the qualitative data
underwent an iterative process of open and axial coding (Corbin and Strauss 2014). The text and codes
were analyzed to identify emergent themes relative to the 3 research questions being asked: What does
resilience mean for the infrastructure system (how is it characterized by the different groups) (RQ 1.1.),
What are the challenges (RQ 1.2) and the interventions (RQ 1.3) to enable resilient performance. For RQ
1.1. Coding (open and axial) was used to identify the socio-technical themes (threats or challenges) that
reduce or enable system resilience. To reduce bias and improve accuracy in the coding process, inter-rater
reliability was used to with a criterion of Cohen Kappa Statistics >= 0.65 indicating good agreement
between raters. Codes with Kappa < 0.65 were discussed and recoded. These themes were further analyzed
to identify the indicators of resilience (general, specific, technology-based, planning and adaptive
capacities) that are characteristic of engineering, infrastructure, socio-technical and organization systems.
These characteristics that enable the system to be resilient to these threats were either stated explicitly or
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were embodied/implied in the context of the interview. For RQ 1.2 and RQ 1.3, coding for each question
was used to identify the challenges to, and the interventions required to provide water and wastewater
services in Barbados. Code co-occurrence outputs from Dedoose were used to categorize and discuss
characterizations of Barbados infrastructure system and BWA resilience by thematic groups. Outputs from
Task 1A include: Utility management characterizations of infrastructure system of resilience (RQ 1.1), and
challenges to (RQ 1.2) and interventions required for system function and improvement (RQ 1.3). The
codes and emergent themes from the interviews were used to refine the Utility Survey (Task 1C).
Open coding (initial) of the interviews resulted in a total of 67 themes. Axial coding (recoding)
reduced this list to 58 through the combination of similar and related themes. An example for the theme
“Energy Supply” that was the result of open and axial coding applied in response to the interview question
“What does resilience of the Barbados Water Authority mean to you?” is presented in Appendix E. The
codes and emergent themes from the interviews were used to refine the Utility Survey (Task 1C).
3.3.2 Task 1B: Interviews with External Management Stakeholders
The Utility Board, Regulator and Union all influence the management decisions of the BWA and
therefore provide complementary information and perspectives for analysis of the research questions. A
purposeful sampling strategy was employed to identify and interview one (1) person representing each of
these groups. The persons interviewed were senior personnel who have served in their respective
organizations for 1.5, 14 and 15 years and provided perspectives on how their stakeholder groups influence
the operations of the utility. Semi-structured interviews were conducted between July and October, 2019,
using the same interview script with minor revisions as Task 1A. Interviews lasted between 45 and 70
minutes and were conducted at the respondents’ place of work and online via Zoom. Data collection and
subsequent analysis followed the procedure outlined in Task 1A. Outputs from Task 1B include:
Management stakeholder characterization of resilience (RQ 1.1), and challenges to (RQ 1.2) and
interventions required for infrastructure system function and improvement (RQ 1.3).

34

3.3.3 Task 1C: Utility Survey
The Utility Survey was developed to capture workforce characterizations of resilience of the
Barbados water infrastructure system (RQ 1.1), and challenges to (RQ 1.2) and interventions required for
system function and service delivery (RQ 1.3). The survey was developed and refined based on the
responses from Task 1A, utility employee comments and the American Water Works Associations State of
the Water Industry Report (AWWA 2018). The survey was piloted with 10 utility employees across
multiple departments prior to dissemination. A stratified convenience sampling strategy was used to select
a sample population that was representative of the utility workforce demographics in terms of department
size and gender. The survey was administered to utility employees occupying management and nonmanagement capacities. The Utility Survey instrument included twenty-three (23) questions that combined
open-ended, multi-select and Likert scale types, and is provided in Appendix C. Excel Pivot Tables were
used for data analysis. The write in open-ended resilience characterization questions were analyzed in Excel
using open and axial coding as described above. All other questions were analyzed using the Excel Pivot
Tables.
The survey was administered between June and August, 2019 after the utility underwent
department restructuring and retrenchment activities following the change in the Government of Barbados
and the introduction of the BERT Program. Utility departments contracted from 10 to 8 with the
combination of Procurement with Finance, and Human Resources Management with Administration. At
the end of May, 2019, the utility workforce totaled 643 persons (169 females {26%} and 474 males {74%})
as compared with >800 persons when Task 1A was completed. A sample population of 150 persons was
targeted to report statistically significant results at a 95% CI ± 7% CL. Employees had the option of
completing a paper-based or online survey via Qualtrics. Paper surveys were distributed at the BWA
Headquarters, the Bridgetown Sewage Treatment Plant and the Bowmanston Pumping Station.
A total of 144 persons took to the survey, however responses to individual questions ranged from
45 to 144, allowing only discussion of descriptive statistics. Online surveys were completed between 20
and 75 minutes. The sample populations comprised 35 (24%) females and 109 (76%) males. By gender,
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the respondents reflected the organization’s profile. All Departments were represented with the majority
belonging to Engineering (91 or 63%), followed by Finance (31 or 22%). The majority of the employees
were aged 46-55 (58%); then 36-45 (25%). At least 70% of the respondents had a post-secondary degree
including 40% trade/technical/vocational degree; 20% bachelors; 8% masters, 4% post graduate diploma.
Less than 3% possessed a primary school education or no schooling. Years employed at the BWA ranged
from less than 1 year to 41 years. Outputs from Task 1C include: Utility workforce characterization of
resilience (RQ 1.1), and challenges to (RQ 1.2) and interventions required for system function (RQ 1.3).
3.3.4 Task 1D: Comparative Analysis
Results from Tasks 1A, 1B and 1C were summarized to determine the characteristics that enable
the Barbados water and wastewater infrastructure system to be resilient. The description includes system
resilience design principles (general, specific, technology-based, and planning and adaptive capacities) that
can be applied to the socio-technical system. The BWA’s characterization of resilience was compared with
water sector resilience literature from stakeholder groups related to water engineering and infrastructure
systems, water sector governance and industry, as well as organization and community resilience. These
groups include utility/industry, academic, government/regulator, infrastructure certification programs,
professional organizations and funding agencies. Each of these groups influence the practice of resilience
in the water and wastewater sector. The analysis identified similarities and differences in general resilience
conceptualization, and approaches for its implementation. The output from Task 1D is a Resilience
Comparative Analysis of the Barbados Water and Wastewater Infrastructure System with related
stakeholder groups in literature (RQ 1.4).
3.3.5 Task 2A: Technology Adoption Interviews and Participant Observation
Four (4) purposeful structured interviews were conducted with utility employees of the PTP
between July 16 and August 10, 2018. Interviewees included field, administrative and management staff.
Two (2) purposeful structured interviews were also conducted with the employees of the Private Sector
Company contracted to procure and install the tanks for the PTP on July 13 and July 19, 2018. Interview 1
included field services engineers and Interview 2 the program manager. Structured interviews were also
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conducted with representatives from two regulators – the Environment Protection Department and the
Environment Health Department on July 20 and August 7, 2018 respectively. The structured interview
questions are provided in Appendix D. Participant observation with field notes were conducted during 10
tank installation site visits during July 16–August 2, 2018. Field notes included description of the tank
installation process, customer concerns, and technology use practices. The output from Task 2A is a utility
process diagram describing the utility, service user and private sector roles and challenges for adoption of
domestic potable water storage infrastructure (RQ 2.1). This information was then used to inform the
analysis for RQ 2.2.
3.3.6 Task 2B: Document Review and GIS Database Analysis
Documentation for the PTP (participant applications, program reports, expenditure reports) was
reviewed and the data was compiled to create an Excel database for the 305 program participants. The
database captured information such as service-user name, address, household occupancy (number, income,
tenant vs owner, pensioner), procurement option (free or purchased), date installed, utility field staff and
contractor assigned. Addresses available for the free and purchased tank systems were geocoded and
mapped in ArcGIS for spatial analysis. All maps were developed in the World Geodetic System (WGS)
1984 coordinate system. The geocoded database was used to identify patterns between system location and
technology adoption experience. The output from Task 2B is a GIS Database of Utility Domestic Tank
Systems installed by the PTP. This information will be used to inform the analysis for RQs 2.1 and 2.2.
3.3.7 Task 2C: Service User Report (Complaint) Analysis
To track and monitor the technology performance and service user experience with the adoption of
the domestic potable water tank storage systems, BWA documentation from a list of all calls (254) to the
utility for post-system installation service requests was reviewed. This list represents service user reports
(complaints) on system malfunction and corrective actions taken or recommended by the utility. This
information was linked to the GIS database created in Task 2B to allow for spatial analysis. The service
user report analysis is a proxy for determination of the technology’s efficacy and informs program
improvements for system design, pump energy use and electricity costs, system cost, water quality, training
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for system maintenance, and other technical support. The output from Task 2C is the service user experience
with technology adoption (RQ 2.1). This data will be used to inform analysis for RQ 2.2.
3.3.8 Task 2D: Practitioner Workshop
A focus group with 9 persons representing the utility (4) and micro and small private sector
companies (5) that install potable water storage systems was held on July 8, 2020 at the BWA Headquarters.
The workshop discussion covered private sector experience with the PTP’s management, and the service
user technology adoption process. The group proposed alternative program and technology designs and
recommendations for improvement of the practice of domestic potable water tank adoption in Barbados
(RQ 2.1). The focus group questions were co-developed with utility PTP employees (Appendix D). Focus
group notes were used to describe private sector experience with program participation and propose publicprivate partnership (PPP) models that could support continuation and expansion of the PTP (RQ 2.2).
3.3.9 Task 2E: Program Financial Cost Assessment
Costs related to program management, system procurement, technology energy use, and repair and
maintenance obtained in Tasks 2A–2D were used to document life cycle cost items for the PTP. Pump
energy use estimates were triangulated from the results of the technology adoption interviews (Task 2A)
and practitioner workshop (Task 2D). These estimates were used in conjunction with the Barbados Light
and Power bill calculator to determine that cost of energy associated with system pump use (Appendix H).
Documentation of the PTP management, operation and maintenance costs were used to identify factors that
impact the financial sustainability of the program. This information was used to inform analysis for RQs
2.1 and 2.2.
3.4 Positionality in the Research
I am the first USF student to use the BWA as a case study site for completion of master’s and
doctoral research studies. As a student, information access was sometimes limited, and the information
presented in this dissertation adheres to IRB guarantees of human subjects confidentiality, and presentation
of the stakeholder perspectives limiting the influence of researcher interpretation.

Additionally,
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responsibility for building the utility-university partnership, i.e. USF-BWA partnership, also prioritized
maintaining a conducive environment for future graduate research opportunities.
The USF-BWA partnership started in 2015 and has supported the completion of the funding proposal and
technical feasibility studies for the successful USD 45.2M Water Sector Resilience Nexus for Sustainability
in Barbados (WSRN S-Barbados) Project. WSRN S-Barbados is a funding proposal submitted by the
Caribbean Community Climate Change Center (5Cs), an accredited entity to the Green Climate Fund (GCF)
that has provided a grant of USD 27.6M as co-finance to the Barbados Water Authority, the implementing
agency to build climate resilient water services.
My relationship with the BWA started in October 2016, when work for my master’s thesis was
used for documents submitted to the GCF as a part of the WSRN S-Barbados proposal available on the
GCF website (e.g. Gender assessment, Environmental and Social Safeguards report, Gender action plan,
https://www.greenclimate.fund/project/fp060). The successful funding of the proposal for the BWA, plus
the continuous presence of members of the USF research team at the BWA over four years, has built a level
of trust between employees and me, and has likely contributed to their openness to share information with
me. Given that USF is a partner on the WSRN S-Barbados Project, I have a vested interest in its success,
and designed my study to capture as much as possible the voices and concerns of those interviewed or
surveyed without imposing my opinion. My presentation of this information reflects stakeholder comments
that identified flaws, virtues, and areas for improvement at the BWA. To reduce bias in the interpretation
of interviews, inter-rater reliability (independent party) was used to determine consensus on codes applied.
While the interpretation of the data collected should not depend on the researcher, the actual interview
responses may vary from researcher to researcher based on the level of trust and openness between the
researcher and interviewee, especially since they were semi-structured. Semi-structured interviews were
selected to give the interviewee more detail and context of the response being provided.
Expansion of the BWA Personal Tank Program (PTP) to provide 1,500 systems to vulnerable
households in Barbados is proposed as an activity of the WSRN S-Barbados. Utility support for household
investment in potable water storage is a new and unique initiative being pursued by the BWA. The lessons
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learned from the PTP has implications for the wider Caribbean water sector, and utilities considering similar
interventions. Additionally, as a Caribbean woman who has experienced and understands the role of women
in household water management, I am supportive of the PTP which provides access to a source of water
during supply interruptions.
This research therefore collects important baseline information for planning of the program’s
ongoing activities and committed expansion. The research approach, and subsequent presentation of results
and discussion on this topic reflect stakeholder identified challenges and recommended interventions for
program improvement.
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Chapter 4: Characterizing Resilience for the Barbados Water Infrastructure System2

4.1 Introduction
This chapter presents results and discussion for Objective 1, “Characterize resilience for the
Barbados water and wastewater infrastructure system”. Part 1 of this analysis summarizes stakeholder
responses to two (2) questions asked in the semi-structured interviews (Tasks 1A and 1B) and survey (Task
1C). These questions are: 1) “What does resilience for the Barbados water and wastewater infrastructure
system mean to you?”, and 2) “What does resilience for the Barbados Water Authority (BWA) mean to
you?” The results and analysis from these responses are presented in the following two (2) sections. Firstly,
Section 4.2 presents the Barbados water infrastructure system and BWA resilience characterizations from
utility management, management stakeholders and utility employees. Then in Section 4.3, the three
stakeholder groups’ resilience characterizations are summarized, and the properties/capacities that enable
the system to be resilient are compared with water systems, water management and organization resilience
literature to identify points of overlap and divergence. The chapter ends with Section 4.4, a summary of
main findings with conclusions. The results in this chapter are analyzed and discussed to answer the
Research Questions (RQ 1.1) “How is resilience characterized by water utility employees and community
stakeholders?” and (RQ 1.4) “What lessons can be learnt from the BWA characterization of resilience when
compared with existing water sector resilience frameworks?”.
4.2 Barbados Water Infrastructure System and Utility Resilience
Characterization of resilience requires an answer to the question “Resilience of what (of whom) to
what?” The results presented in this section report on three (3) stakeholder group perspectives on

2

Sections of this chapter have been previously submitted to the Caribbean Water and Wastewater Association
(CWWA) 28th Annual Conference and Exhibition, October 17-19, 2020, and have been reproduced here with minor
revisions with permission from the CWWA (Appendix I)
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“Resilience of 1) the Barbados water and wastewater infrastructure system, and 2) the BWA to any and all
threats or stressors (challenges)”. They identify the characteristics and properties of the system that enable
resilient performance. Resilience is mostly referred to as properties in engineering literature, and as
characteristics/factors in socio-governance literature. In this work, properties and characteristics are being
used to refer to an indicator of resilience in the system. For technical (engineered/infrastructure) and socio
(governance) systems that provide critical services, resilient performance is descried the adaptive capacity
to sustain the production of essential services in the face of disruption (any and all threats) and ongoing
social, technological and environmental change (van der Merwe, Biggs and Preiser 2018; Juan Garcia et
al. 2017; Lee, Vargo and Seville 2008; Butler at al. 2014).
In engineering literature, resilience to all or any threats is called general resilience or attributebased resilience. General resilience is typically descriptive in nature and can be considered as a set of system
resilience design principles that provide the advantage of being able to compare the attribute (property)
across multiple systems (Rodina 2019). For example, some general resilience characteristics can be applied
to the same type of technical (built/physical) system, or applied to both social and technical systems.
Specific or performance/standard-based and technology-based resilience are two other types of
resilience proposed in engineering literature (Butler et al. 2014). Resilience characterization with reference
to a specific threat provides what is described as specific resilience or performance based-resilience (Juan
Garcia et al. 2017; Butler et al. 2014). Specific resilience is typically standard-based, reflecting an agreed
upon performance of the system, often quantitative and refers to an operational goal (Butler et al. 2014). It
is therefore often called operational resilience. For example, the Barbados water infrastructure system or
the BWA can have operational goals for the physical water network (system water storage capacity or
network raw water losses), and financial resilience (Arcadis 2017).
Specific resilience, expressed as attributes (system standards) is typically related to practices of 1)
spare capacity, e.g. number of hours of emergency storage (buffering), 2) and/or multiple or standby
components that can assume functionality as the need arises, e.g. multiple power supplies (redundancy),
and 3) availability of more than one pathway to achieve an outcome, thereby avoiding a single point of
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failure, e.g. every customer supplied by more than one water source or distribution line (diversity).
Measures of compliance (success) for system standards can therefore be, for example, communities of a
specific size should not be vulnerable to a single point of failure. Specific resilience that is performance
based (service standards) relate to the service quality provided to the customer and these are typically
determined by the regulator, e.g. in Barbados, reliability of service requires a customer to be provided with
8m3 of water over a 30-day period. Measures of compliance (success) for service standards can therefore
be, for example, limit service disruption to 1 day per specific population size per year.
Equipment proposed for improving the preparedness of the user for extreme events by limiting the
impacts and accelerating recovery is referred to as technology-based resilience (Butler et al. 2014). For
example, climate and water-energy nexus resilience can propose that renewable energy technologies be
integrated into the water system to mitigate climate impacts, and provide a reliable power supply,
respectively. Community and household interventions such as rainwater harvesting and potable water tank
storage system adoption limit system failure impacts to supply interruptions, and can also be considered
forms of technology-based resilience.
In social systems (water related systems/critical infrastructure governance), resilience is not
characterized as general, specific or technology based. Instead, organizational resilience is characterized as
adaptive and planning capacities of the system (McManus 2008). For example, adaptive capacities include
communication and relationships, leadership, management and governance structures. Planning capacities
include planning strategies, participation of staff in scenario exercises designed to test response and
validate plans, and proactive posture towards responding to early warning signals of change in the internal
and external environment before they escalate to crisis (Lee , Vargo and Seville 2013; McManus et al.
2008). In social systems, situation awareness is comparative to identification of system threats and
vulnerabilities in engineering resilience. Situation awareness includes analysis of the assignment of roles
and responsibilities, understanding and analysis of hazards, internal and external situation monitoring and
reporting, connectivity awareness, and recovery priorities (McManus 2008).
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The results presented in this section will highlight (in italics) the characteristics that enable
resilience of the Barbados water and wastewater infrastructure as a socio-technical system. Properties or
practices that are indicators of resilience for social (organization governance) and technical/engineering
systems (general, specific, technology-based, adaptive and planning capacities) will be highlighted in the
narrative. The results will also emphasize the stakeholder perspectives on the scope of social and technical
threats/stressors and vulnerabilities (experienced and expected) to which the Barbados water infrastructure
system and the BWA must be resilient. This section provides an in-depth analysis of one (1) of the essential
resilience assessment elements – resilience properties, and briefly touches on another - stressors/challenges.
4.2.1 Utility Management Perspectives
During July and August, 2018, nine (9) management level employees representing ten (10)
Departments at the BWA answered the question “What does resilience for the Barbados water and
wastewater infrastructure system mean to you?” A summary of their responses to this question is provided
in the next two paragraphs, highlighting resilience properties and practices identified in italics.
To provide customers with a resilient water and wastewater service, interviewees believed that
multi-dimensional approaches (diversity) should be used to address sector challenges such as drought,
hurricanes, equipment failure, non-revenue water, and economic shocks. These approaches can include
integration of renewable energy technologies to reduce utility electricity costs, and upgrade of physical
systems to withstand climate impacts (financial, climate and energy resilience). Adaptive planning
strategies approaches to address these challenges are needed to ensure only the fittest or best strategies
should be adopted, e.g. updating standard operating procedures (learn). If there is service interruption,
recovery should be quick (rapidity of recovery). Quick recovery is facilitated by system robustness and
absorptive qualities. During recovery, two tiers of service standards are highlighted: Essential services
(minimum level of service) - the 9 Fair Trading Commission (FTC) Guaranteed Standard Services, followed
by restoration of the 12 FTC Overall Standard Services. The FTC does not require resilience; however, the
standards embody the concept of doing better, making resilience a way of life for the utility, now and in the
future.
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The importance of interdependent water and energy critical infrastructures was also highlighted.
Increasing water storage capacity (buffering) is needed to limit the magnitude and duration of service
failure, and energy reliability facilitated by access to standby generation (redundancy) is critical to system
functioning and reducing down-time (recovery). To guarantee affordable services and tariff sustainability,
the BWA’s billing system needs to compensate for fluctuations in fuel prices (financial resilience). The
utility can also encourage customer stewardship of the scarce water resources via public education
campaigns and demonstrations on conversation strategies, implementation of domestic storage (rainwater
harvesting and potable tanks system), and applications for household grey-water reuse, e.g. laundry water
reuse in outdoor chores (stakeholder engagement).
The general resilience attributes expressed by interviewees and italicized above were either
expressed explicitly or were coded based on the interview response. Non-explicit but instead coded
interview themes that embodied some of these resilience properties were:

The themes identified as

indicative of Barbados’ water infrastructure system resilience properties are: the ability to meet challenges,
survival of the fittest (learn), bounce back quickly (recovery), restore essential services (minimum level of
service), and service achieved no matter what. These proposed themes used the precise language or word
choice of the interviewees to characterize resilience in a Barbados water sector context. Other infrastructure
system resilience properties identified in the interviews with this group included climate, energy, financial
and physical system operational resilience, anticipate, adaptive, flexibility, minimization of silos, staff
engagement and involvement, redundancy, robustness/absorptive, sustainability, and re-engineering
fundamental processes. These properties correspond with resilience properties identified in the literature
review.
The coded themes using the exact words of interviewees, e.g. ability to meet challenges and service
achieved no matter what, were applied to some responses because they were either too short, and/or needed
more context to narrow down and tease out the specific resilience property. A breakdown of the properties
of resilience embodied by these two themes is provided below:
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•

The

ability

to

meet

challenges:

anticipate,

withstand,

robustness/absorptive,

adaptive/flexibility,
•

Service achieved no matter what was interpreted to mean overcoming severe challenges and
uncertainty

to

achieve

restoration

of

services:

cope,

resourcefulness/diversity,

robustness/absorptive, minimum level of service, re-engineering fundamental processes.
Table 4.1. provides three (3) interviewee responses to this question. Excerpts of the response that
were coded as a system resilience property are bolded, the coded themes that were applied to the excerpt
are presented in column one, a description and interpretation of the code applied is provided in column two,
and the proposed comparable literature terminology in column three.
Table 4.1: Utility management responses to the interview question “What does resilience for the Barbados
water and wastewater infrastructure system mean to you?” mapped onto interview coded resilience
properties and a proposed comparable terminology as defined in literature.
Interview Resilience
Description and Interpretation of Code
Literature Resilience
Code/Theme
applied in context of interview
Property (Source)
“Resilience means staying the course.” (Respondent 1)
•
•

The ability to meet
challenges
Service achieved
no matter what

Staying the course can mean anticipate
challenges that you can encounter, think and
prepare for them, and maintain a minimum
level of service in spite of all stressors by
developing an organization culture that has the
ability to respond to these challenges as they
arise, and learn from each of these challenges
and update your plans in preparation for their
reoccurrence. It also means leveraging system
robustness and absorptive capacity to
overcoming severe challenges (uncertainty)
and achieve restoration of services. Overall,
this will require a long-term commitment to reengineering fundamental social and technical
processes.

•
•
•
•
•

Anticipate (Mugume et
al. 2015)
Minimum level of
Service (Francis and
Bekera 2014)
Learn (Butler et al.
2016)
Robustness/Absorptive
(Juan Garcia et al.
2017)
Re-engineering
fundamental
engineering processes
(Francis and Bekera
2014)
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Table 4.1 (continued)
Interview Resilience
Description and Interpretation of Code
Literature Resilience
Code/Theme
applied in context of interview
Property (Source)
“Resilience means there should be enough storage in the event of a disruption, so that the service
could still be continued. For Water Resilience, it means that if you need 3 pumps, the Utility will
invest in a 4th as a standby. It also suggests multiple routes for water distribution to reach the same
destination.” (Respondent 7)
•
•
•

Buffering
Redundancy
Diversity

Buffering means that systems are designed with •
excess capacity such that e.g. water storage is
greater than water demand, so if pumping is •
disrupted, there is still water in the system and
distribution network that can be supplied to the •
customer. Availability of extra or standby
equipment (e.g. pumps) allows for these
redundant elements to assume functionality
when the need arises. Diversity refers to the
presence of multiple pathways for achieving a
goal such as water distribution to a destination,
which limits occurrences of having one point of
failure.

Buffering (Butler et al.
2014)
Redundancy (Butler et
al. 2014)
Diversity (Casico
2009)

“Resilience means to provide an opportunity for a more reliable provision of water to
customers, once the system has been designed to withstand natural disasters; Resilience means
improved reliability, reduced down-time with a better-quality supply of power to equipment;
provide solutions to shocks; provide for fluctuations in fuel prices that could provide tariff
sustainability in keeping water affordable.” (Respondent 5)
•
•
•
•
•
•

Anticipate
Climate Resilience
Reliability
Bounce back
quickly (recovery)
Ability to meet
challenges,
Financial resilience

In anticipation of natural disasters, the utility
designs systems to adapt to the expected
climate related impacts. This preparatory step
reduces the probability and duration of system
failure, thereby providing timely recovery and
reliable service delivery. The ability to meet
challenges to known and unknown shocks can
leverage system properties such as robustness
and flexibility. Financial resilience can be
improved by tariff sustainability which would
benefit from a fuel clause adjustment in billing
practices.

•
•
•
•
•
•

Anticipate (Mugume et
al. 2015)
Climate Resilience
(IDB 2014)
Reliability (Butler et al.
2014)
Rapidity of recovery
(Cuppens, Smets and
Wyseure 2012)
Robustness/Absorptive
(Juan Garcia et al.
2017)
Financial resilience
(Arcadis 2017)

In response to the question “What does resilience for the Barbados Water Authority mean to you?”,
12 themes (system stressors/challenges) emerged. The codes describing these themes are presented in Table
4.2. Code Co-Occurrence Analysis was used to group the identified themes. These themes are discussed
according to the following Code Co-Occurrence Analysis groupings: 1) water storage, pumping capability,
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and water quality, 2) energy supply, tariff sustainability and financial reserves, 3) leadership and
management process, contingency structures, redundancy, cyber security and climate change, and 4)
organization culture and compliance with industry standards. These themes represent system stresses that
impact system performance and service delivery. The properties that enable resilience to the system threats
are italicized in the discussion.
Table 4.2 Themes, and the number of times they were discussed by Utility management in response to the
question “What does resilience for the Barbados Water Authority mean to you?”
Code (Theme)
Count
Code (Theme)
Count
Water Storage
19
Financial Reserves
4
Climate Change
15
Cyber Security
3
Organizational Culture
13
Contingency Structures
3
Energy Supply
12
Water Quality
2
Compliance with Industry Standards
8
Redundancy
2
Leadership and Management Process
6
Pumping Capability
2
Tariff Sustainability
5
4.2.1.1 Water Storage, Pumping Capability, and Water Quality

“As a critical sector service, we are related to other sectors, e.g. health. 80% of the system relies on
ground water, thus ability to restore pumping is critical. Storage above ground is limited and
vulnerable, thus storing water underground is considered the safest option. Lessons learnt from
other countries such as Israel with above ground storage (streams, catchment) indicate that
resilience requires pumping to be restored as quickly as possible.” (Respondent 2)
Figure 4.1: Excerpt one (1) from the utility management interview to the question “What does resilience
for the Barbados Water Authority mean to you?”
While the daily water demand is 23-25 MGD, the BWA’s storage capacity is 30–31 MGD. This
deficit is compounded by water resource availability. Barbados is water-scarce and 80% of the system relies
on ground water. In 2014, the drought facilitated saltwater intrusion of wells on the West Coast of the
island. Inability to rest or reduce pumping from these wells, and the utility’s limited ability to monitor them
for over abstraction further compromised the water resource availability. Alternatives are being explored
to increase water storage capacity (buffering) for the system at the utility, community, and household scale.
Community and household scale interventions are allowing for meaningful customer partnership
(stakeholder engagement) in water management.
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The utility approach to storage considers the pros and cons of above vs below ground, and direct
vs indirect feed, e.g. offtake from distribution line before storage is filled. Deciding on appropriate options
is being informed by lessons from islands hit by hurricanes, e.g. Dominica (learn). Because of the existing
system configuration, resilience requires that pumping capability is restored quickly (rapidity of recovery)
to access ground water resources. At the community level, customer perception of community use tanks is
that it’s a step backwards in terms of service standards, since they are forced to use standpipes like previous
generations. At the household level, increasing above and below ground storage is encouraged (buffering),
but public education and regulations to support safe use of all alternatives is lacking, e.g. tank water quality,
capture run-off for household reuse, plumbing for rainwater use, and vector control in storage containers.
4.2.1.2 Energy Supply, Tariff Sustainability, Financial Reserves

“While solar will provide resilience and tariff stability, anything sold to the grid can be used
to offset costs. Excess monies made by BWA could then be used for other Government
Departments.” (Respondent 5)
“BWA experiences systemic losses. Solar power introduction at BWA facilities and grid sales will
help offset some of these costs and can facilitate tariff sustainability”. (Respondent 5)
Figure 4.2: Excerpt two (2) from the utility management interview to the question “What does resilience
for the Barbados Water Authority mean to you?”
Energy Consumption constitutes one fifth (⅕) of utility expense, amounting to about BBD 20M
per year, out of a budget of about Bds$ 100M per year. The BWA is the largest customer of the Barbados
Light and Power (BL&P). The BL&P’s fuel clause compensation enables the power utility to adjust its
rates each month based on fuel price fluctuations, causing the BWA to lose millions of dollars. Adjustment
of fuel charges should also be accounted for in the monthly water rate versus only considered at the periodic
tariff review. With the fixed rate, the BWA experiences systemic revenue losses thereby impacting tariff
sustainability (financial resilience). Solar power introduction at BWA facilities and grid sales for produced
energy will help offset some of these costs and can facilitate tariff sustainability.
The Authority should have reserves, pockets of money, allocated to address these challenges, as
well as the capacity to reserve funds for capital improvement to be used when these circumstances arise,
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in addition to their normal operating fund (financial resilience). However, unknowns must be considered,
for not all challenges can be anticipated. To build resilience, there must be more planning and better
forecasting regarding plant maintenance, catering for the useful life of the plant, i.e. ageing of the asset and
its components (e.g. 30 years, budgeting some resources each year), and this in turn will assist in planning
for the financing of these maintenance activities (planning strategies).
4.2.1.3 Leadership and Management Process, Contingency Structures, Redundancy, Cyber Security and
Climate Change

“The Department is structured in such a way that it has multiple persons in each section
that can receive training and exposure to material. It is necessary to try to have everyone know
what is happening, so that is a way of building redundancy in people as well.” (Respondent 7)
“Unless there’s a drop-in cost (i.e. savings), then a resilient building alternative is not viable. The
status quo at the same price will be maintained, once it is tied to people. People are unwilling to
pay the additional cost if the other alternative is to be resilient for $10 more in operating costs.”
(Respondent 4)
Figure 4.3: Excerpt three (3) from the utility management interview to the question “What does resilience
for the Barbados Water Authority mean to you?”
The BWA was operating in crisis mode during the water and wastewater crises, taking remedial
measures that are likely to cause the problem to reoccur (leadership). To avoid unwanted or unplanned
interruptions to the BWA’s operations, Business Continuity Planning is required (recovery priorities).
Contingencies that address the interruption of core businesses’ competencies need to be in place. The core
competencies include what is needed for production of potable water and wastewater treatment (planning
strategies). Contingencies would consist of maintenance programs, plans for unionized strike actions, and
knowing whether key suppliers or vendors have business continuity plans. Redundancy in skillsets enables
core functions to be completed via multiple pathways. The shift in operations to remote monitoring of
equipment via introduction of more internet-enabled equipment introduces greater cyber security risks to
the utility. Cyber security has not been a priority for BWA operations. Streamlining climate planning
(climate resilience) in BWA operations is limited either because of lack of understanding of how this can
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be operationalized, or budget constraints to implement recommended measures. Budget constraints dictate
that resilience-building measures which are costlier than the status quo are not viable.
4.2.1.4 Organizational Culture and Compliance with Industry Standards

“Organizational Culture must change. There is need for commitment, and the negativity of
organizational culture must be addressed. The first Strategic Plan has been designed but needs
more broad-based consultation, followed by implementation or adaptation. The Strategic Plan is
top-down, down to the 3rd level of management, and currently lacks broad stakeholder
engagement, e.g. unions. If the Strategic Plan doesn’t get it right, it will not drive the Organization
in the right direction.” (Respondent 3)
“Standards are also an issue, thus it is necessary to build the organizational capacity to
meet the minimum standard, since there is always the risk of a penalty if the minimum standards
are not met, and especially since the Organization’s reputation runs the risk of being damaged.”
(Respondent 9)
Figure 4.4: Excerpt four (4) from the utility management interview to the question “What does resilience
for the Barbados Water Authority mean to you?”
The BWA’s Strategic Plan has been created with input from 3 levels of management. The plan is
top- down and lacks broad-based stakeholder consultation, e.g. input from non-management employees,
unions and other government and institutional partners is lacking. This lack of engagement will not deliver
the breadth of buy-in necessary to achieve desired goals. The Strategic Plan has been designed, but still
needs to be implemented and adapted. The Strategic Plan needs to be updated to reflect the introduced FTC
standards of the service. Organizational capacity needs to be built to meet these minimum standards to limit
the risk of potential financial and reputation penalties (minimum level of service). There is need to address
the lack of commitment and negativity of organizational culture experienced as communication barriers
creating disjointed, disconnected and detrimental ways of working (minimization of silos, staff engagement
and involvement).
4.2.2 External Management Stakeholder Perspectives
During July to October, 2019, three (3) external management stakeholders representing the
Barbados Workers Union (BWU), the Barbados Fair Trading Commission (FTC) (consumer protection and
utility regulator), and the BWA Board answered the questions “What does resilience for the Barbados water
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and wastewater infrastructure system mean to you?” and “What does resilience for the Barbados Water
Authority mean to you?” Interpreting these questions as interrelated because the BWA is an integral part
of the water infrastructure system, the interviewees responded to these questions together. Consequently,
these results are presented and discussed concurrently below. This group identified the following water
infrastructure system and utility resilience properties: Climate, energy, financial, and physical system
operational resilience, anticipate, cope, diversity, learn, minimum level of service, recovery and
redundancy.
4.2.2.1 Barbados Workers Union
"With Barbados being a water-scarce country, Resilience looks at the effects of drought
situations and our ability to supply potable water to all customers, especially those in the North. In
the current economic climate, it means undertaking a comprehensive mains replacement program
for them that would allow for less loss of water through leaks and other occurrences on the system.
It also looks at how we can stay viable, noting that the Authority presently only sells water and
sewage services, which was okay when the Authority was envisaged in 1980; however, in 2019, it
should look at different ways of generating revenue so we can stay viable no matter what the
economic outlook is for the country." (BWU Representative)
Figure 4.5: Excerpt one (1) from the external management stakeholders’ interview with a Barbados Workers
Union (BWU) Representative to the question “What does resilience for the Barbados water and wastewater
infrastructure mean to you?”
The Union Representative highlighted the importance to anticipate, think and prepare for
infrastructure system and utility climate, financial and physical system operational resilience as priorities.
Climate change has impacted water source supply available to customers, particularly in the North of the
island which was the region predominantly impacted during the water crisis. Climate resilience for the
Barbados infrastructure system needs to address the impacts of drought compounded by saltwater intrusion
and over pumping resulting in wells being taken offline and reduced water availability. Physical system
operational resilience is also impacted by real non-revenue water losses (37%-39%) indicating the need
for a comprehensive mains replacement program. In spite of the economic outlook for the country, utility
financial resilience (viability) is impacted by these water revenue losses, and there is opportunity and need
to develop alternative business services as a source of new revenue as opposed to implementing staff cuts
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as a cost reducing measure. These services can include contracting BWA employees for household
plumbing jobs (innovation and creativity, staff engagement and involvement).
4.2.2.2 Barbados Fair Trading Commission
“The BWA is heavily reliant on electricity to supply its service, and that becomes a critical
element in their overall provision of services. Whether there is any system of redundancy in place to
allow for service to continue or to be up and running or for recovery soon after a major outage is a
concern.” (FTC Representative)
Figure 4.6: Excerpt one (1) from the external management stakeholders’ interview with a Barbados Fair
Trading Commission (FTC) Representative to the question “What does resilience for the Barbados water
and wastewater infrastructure mean to you?”
The FTC representative discussed infrastructure system and utility resilience properties as the
ability to anticipate, adaptive, flexibility, cope, minimum level of service, rapidity of recovery, redundancy
(energy source, equipment - pump), leadership and energy, financial and physical system operational
resilience. Since the BWA is heavily reliant on electricity to supply its service, the water-energy resilience
nexus is critical to overall service provision. Another consideration for water-energy resilience is the lack
of a proprietary rate for energy from the BL&P (collaboration, interconnectedness, stakeholder
engagement), or a fuel clause adjustment to pass on fluctuations in the price of fuel to the customer impacts
tariff sustainability. This challenge has prompted the FTC to recommend that the BWA address this in the
next rate review (financial resilience).
“Some challenges are seen with normal day-to-day operations and those things also impact. In
terms of redundancy, a lot of cases are not seen. For example, if there are very frequent outages,
there isn’t enough redundancy in terms of pumping equipment to easily switch from one to the
other; rather, one has to wait for pumps to be repaired or shipped in to get systems back up and
running and that is a challenge.” (FTC Representative)
“Those basic commonsense things – putting commonsense into reality – means having the
financial wherewithal to do it, and that’s the challenge. It’s not that they’re not aware that
systems need to be put in place, but that financial circumstances don’t allow for it to happen.”
(FTC Representative)
Figure 4.7: Excerpt two (2) from the external management stakeholders’ interview with a Barbados Fair
Trading Commission (FTC) Representative to the question “What does resilience for the Barbados water
and wastewater infrastructure mean to you?”
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Physical system operational resilience and rapid recovery to electrical outages and water quality
impacts after heavy rainfall showers is improved by redundancy in energy source (standby generation) and
spare pumping equipment availability which is usually absent, resulting in long delays while waiting for
repairs or importation of the new part. Coping with, and rapid recovery after water quality impacts from
heavy showers in Bowmanston and St. John was also highlighted as a challenge to maintaining the
minimum level of service. Other physical system challenges experienced include: An antiquated
distribution infrastructure with a high level of bursts (approximately 900–1,200 per month), and high nonrevenue water. The BWA is aware of the system fixes needed to address these challenges, however the
financial means to implement these actions was not available, and current cash flow is being eroded by fuel
price fluctuations, and the BWA’s inability to transmit these costs on a variable basis to the customer
(leadership, financial resilience).
4.2.2.3 Barbados Water Authority Board
“The main challenge at the level of the Board is having enough water in the aquifers to supply
Barbadians and meet the demands of communities. It means that if problems occur in a particular
area or with a particular reservoir, booster pumps can be installed in other areas to redirect water to
the troubled community as required.” (BWA Board Representative)
Figure 4.8: Excerpt One (1) from the external management stakeholders’ interview with a Barbados Water
Authority (BWA) Board Representative to the question “What does resilience for the Barbados water and
wastewater infrastructure mean to you?”
The Board Representative discussed the following infrastructure system and utility resilience
properties:

learn,

buffering,

redundancy,

diversity,

collaboration,

stakeholder

engagement,

interconnectedness, innovation and creativity, staff engagement and involvement, climate and physical
system operational resilience. The interviewee thought the BWA could learn critical lessons from the
energy utility and transfer resilient principles to their own operations. These practices are building into the
system enough standby generation capacity (buffering and redundancy) in case of problems with specific
generators and having multiple routes via overhead lines for electricity distribution (diversity). To
contribute to infrastructural climate resilience to drought, it was recommended that BWA can install a
network of booster pumps (with standby generation) and reservoirs to increase storage capacity beyond the
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current levels (approximately 1 day’s supply of 30 MGD), which can then be used to redirect water to
troubled communities in times of reduced water availability from regular sources. Building climate
resilience contributes to the utility’s energy resilience.
Other recommended lessons to be learned from the BL&P surrounded operations efficiency, human
resources recruitment and greater collaboration with other utilities across the Caribbean Region.
Privatization of BL&P for more than 100 years has helped the utility achieve higher efficiencies and
compliance with regulations through regular access to training, continuing education and salary benefits
that attract university engineer graduates with 1st Class Honors who are encouraged to propose solutions to
system challenges (staff engagement and involvement, innovation and creativity). The private sector is also
better connected to other Electricity Utilities in the Caribbean than the Water Utilities, where they regularly
share financial and human resources to invest in, and complete capital improvement projects (collaboration,
interconnected). The representative felt that there have been missed opportunities in the last 15-20 years
for the BWA and BL&P to work more closely, however an opportunity exists now for cooperation between
both organizations in terms of meter reading at the same premises. Moving forward, it is believed that they
should realize that there is more scope to work together, as this would benefit both organizations.
“To have good resilience really requires tremendous work on the physical water infrastructure. It is
an ageing infrastructure when it comes to potable water, with old mains dating back some 50+ years.
In some situations, mains/pipes put in then are now undersized and cannot meet current demands in
the face of developments over the years.” (Board Representative)
Figure 4.9: Excerpt two (2) from the external management stakeholders’ interview with a Barbados Water
Authority (BWA) Board Representative to the question “What does resilience for the Barbados water and
wastewater infrastructure mean to you?”
Physical system operational resilience requires tremendous work on the supply and delivery of
water infrastructure to rectify issues with the old and ageing infrastructure that experiences frequent pipe
ruptures, has undersized pipes that are unable to meet current demands in pace with country developments
over the years, and has older piping materials such as iron that result in water discoloration. Other major
concerns impacting the ageing infrastructure include: Some reservoirs and pumping stations date back to
the 19th century and are in need of significant upgrading, since they were done with old masonry
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construction, for example in Grand View and Castle Grant; conversely, some “modern” reservoirs have
leaking roofs, like Providence and Rising Sun, while others are rusting. The financial constraints of the
BWA have resulted in a lack of routine maintenance and preventative maintenance in these places.
Additionally, involuntary operations shutdown is required when maintenance is being done on pumping
stations with open shafts, since workers must enter the wells to access pumps which have to be turned off
to safeguard against on-the-job accidents. Shutting down pumping stations when there is not a system
failure but instead a system configuration challenge impacts service delivery. A lot of these operational
issues require money, which is in very short supply, and therefore the financial resilience of the utility must
consider ways to increase cashflow, borrow and explore other funding opportunities such as grants.
4.2.3 Utility Workforce Perspectives
During July and August, 2019, 144 BWA employees representing all 8 of the utility departments
responded to the survey. To gauge workforce familiarity with and interpretation of resilience as a concept,
Questions 9 and 10 of the survey asked respondents “Have you ever heard the term resilience before?” and
“What does it mean to you?” respectively. Eighty-eight (88 or 61.1%) of persons answered question 9,
with 79 (54.9%) respondents indicating yes, that they had heard the term resilience before. Of the 79
respondents, 53 (36.8%) persons responded to Question 10 describing resilience in terms of the ability or
capacity to anticipate, adapt, absorb, withstand in, persevere, recuperate/recover, bounce back stronger in
overcoming a challenge. Words used to represent challenges (stressors/threats/vulnerabilities) included
adversity, difficulty, disasters, natural disasters, hazard event, climate change. One person indicated that
resilience speaks to an organization's ability or capacity to sustain its critical operations at a predefined
level of operation in the likelihood of the occurrence of a sudden unplanned event.
To Question 11, “What does resilience of the Barbados water and wastewater infrastructure system
mean to you?” there were 50 (34.7%) responses, including 5 (3.5%) of persons who said “they don’t know”
or “they were not sure.” This response rate indicates that either the utility’s workforce has a low familiarity
with this concept, and/or persons did not want to fill out a response to the question. The remaining 45
(31.3%) responses varied in length from one word (success, improvement, longevity) to multiple sentence
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paragraphs. The majority of responses however were one line sentences. These responses described
resilience using a combination of terms including: a general property (e.g. the ability to withstand, adapt,
robustness, recovery), a stressor (natural disaster, hard times) and system performance or service delivery
(sustainable, reliable, maintain, improve). In 3 responses, the descriptions included reference to an
intervention to build resilience (change protocols, physical system improvements, train staff). Examples
of survey responses categorized by these descriptors are provided in Table 4.3.
Table 4.3: Utility employee responses to Survey question 11, “What does resilience of the Barbados water
and wastewater infrastructure system mean to you?”
Survey Response
Stressor
Resilience
Performance
Property
“I think the phrase captures relevant elements
negative
recovery
regular or even
that are required in allowing the Barbados waste external
better service
and water infrastructure system to be able to
stimulus
resume regular or even better service after
negative effects of an external stimulus.”
“It means the ability of the system to recover
problems,
recovery,
from problems and endure stresses which may be stresses
endure
put upon it.”
“The ability of both potable and wastewater
natural disaster to withstand
infrastructure to withstand a natural disaster.”
“To provide the best service across the board.”
Best service
“Ability of the infrastructure system to cope with natural disaster, cope
natural disaster or other natural or manmade
man-made
adversity.”
adversity
“Foresight to anticipate and adapt to situations
situation
anticipate,
maintain service
that will cause service disruption, so recovery
adapt,
delivery
happens quickly”
recovery
“An infrastructure system that can recover
natural disasters adapt
Sustainable
quickly from natural disasters such as hurricanes, (hurricanes,
water and
earthquakes, droughts and adapt to the negative
earthquakes,
wastewater
effects of climate change in order to provide a
droughts),
services
sustainable water and wastewater service.”
climate change
“Would be able to be independent and be able to water outages, Recovery,
Maintain service
function properly and also be able to recover from drought, waste independent
delivery
problems that may come up and also be able to system
withstand
hard
times
(water
outages/drought/waste system).”
“Continuous improvement of the water system to vulnerabilities
Continuous
ensure service
reduce vulnerabilities and ensure service (check for word improvement delivery
delivery.”
division in this
column)
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Resilience properties identified included the ability to adapt, withstand, cope, recover. One-word
responses to characterize the infrastructure system resilience were vague, thus limiting their interpretation,
e.g. success, and endure. In the case of “endure”, this could mean suffer/endure failure and persist. The
ability to endure failure is a part of sustainability as a resilience property; however, this is combined with
balancing demand. To be independent is another characterization that would need further discussion for
clarification. The properties, e.g. the ability to respond, continuous improvement and longevity, can embody
many of the multiple properties discussed in earlier sections. Specifically, longevity (and continuous
improvement) can refer to principles of sustainability and re-engineering fundamental socio-technical
processes to provide service delivery. Greater context is needed to determine their meanings.
A workshop for consensus on this would be useful in clarifying the terminology used. Other themes
identified were financial resilience and the need for training for human resources to fix challenges and thus
enable utility operational resilience. Other socio-technical stressors to the utility included public criticism,
political forces, population growth and technological changes (any italics needed in these descriptions?).
Climate resilience to drought, hurricanes, and natural disasters was also proposed.
System performance was overwhelmingly described in terms of quality of service delivery to the
customer, e.g. regular or even better, adequate, best service, reliable, and sustainable. Referencing service
delivery as an indication of system performance sets an expectation that a resilient BWA is able to comply
with, and/or exceed the FTC Guaranteed and Overall Standards of Service. For example, the survey
response “Provide best quality water or treated water in Barbados” can be interpreted to mean compliance
with FTC Overall (Water) Standards of Service (OWS) 9 – Wastewater Effluent Quality and 10 - Potable
Water Quality. OWS9 refers to the quality of wastewater effluent being discharged from the BWA’s
sewerage treatment plants, with the target being that 95% of samples taken shall conform to the
Environmental Protection Department’s (EPD’s) wastewater discharge standards. OWS 10 refers to quality
of water supplied to customers where the water shall comply with the World Health Organization (WHO)
Potable Water Guidelines including those for turbidity, chlorine residual, fecal coliforms, fecal streptococci,
nitrates and total dissolved solids (FTC 2017).
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4.3 Barbados Infrastructure System Resilience Characterization and Lessons for Water Sector
Resilience Literature
The utility employees and management stakeholders identified sustainability, twenty-four (24)
properties and three (3) technology-based resilience solutions as characteristics/indicators that enable the
Barbados water and wastewater infrastructure system to be resilient The characteristics identified as
indicators of resilience can be applied to the socio, technical and socio-technical (both) components of the
system. No one resilience discipline or framework included all of the properties identified. These system
properties that enable resilience were identified from multidisciplinary bodies of resilience literature and
technical reports spanning engineering and infrastructure systems, water sector industry and regulation,
social (governance) systems and organization resilience.
Combining properties from different disciplines to categorize socio-technical system resilience has
advantages and disadvantages. The principal advantage is that the resilience properties identified provide a
more holistic perspective on opportunities for joint optimization of social and technical factors that enable
the Barbados water and wastewater infrastructure system to be resilient and transition towards the provision
of resilient water services. At the same time, application of multidisciplinary concepts introduces challenges
for assessment of properties that exist across temporal and spatial scales. For example, resilience of
technical engineered (physical/built) components is timebound corresponding to the design life of the
system. Conversely, resilience for socio/governance systems is expected to have an “extra design life”
lasting longer (persisting) than the physical components (Rodina 2019; Hosseini, Barker, and RamirezMarquez 2016; Butler et al. 2014).
Additionally, the scale at which resilience is applied recognizes that there are multi-level dynamics
that include their own threats, and improving processes at all levels is relevant for resilience building. For
example, most papers on water distribution systems focus on urban or local scale systems, with few at the
national or global scales (Rodina 2019; Butler et al. 2016; Mugume et al. 2015). Although important, there
is a limited specificity around system boundaries and cross-scalar interactions in literature (Rodina 2019).
Due to this complexity and uncertainty with defining the system boundary, the majority of resilience
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literature on water systems and water governance has focused on built or gray infrastructure or social/socioecological systems with less work on institutions (e.g. utilities) (Rodina 2019).
Sustainability as a resilience property and a system performance criterion was mentioned or implied
(longevity, continuous improvement) by the stakeholders as contributing to the infrastructure system
resilience. Application of this concept to the socio-technical system presents a similar conceptual scalar
tension, since sustainability is considered as having an “extra design life”. In the Safe & SuRe (Safe =
Reliable, Sustainable, Resilient) Framework for urban water management, sustainability is defined as the
ability of the system to endure failure and balance demands, while providing equitable, affordable and low
impact services (Butler et al. 2016; 2014). This framework proposes to address the scalar differences in
application of sustainability in a resilience framework, by breaking it down into an intervention pathway
using a combination of mitigation, adaptation and coping strategies that can then be applied to the
engineering, organizational and social components of the system (Butler et al. 2016; 2014). The framework
also has the added benefit of exploring any and all threats without the need for having extensive details on
the threat analysis. Using the Safe & SuRe interventions approach can develop, and increase the degree of
resilience and sustainability in the system (Butler et al. 2017; 2014).
The mandate of the BWA is to provide safe, reliable and sustainable water and wastewater services.
Based on the overlap between BWA’s mandate and The Safe & SuRe framework’s scope, Safe & SuRe is
relevant, and can be applied to understand how sustainability can be incorporated along with resilience for
the water infrastructure system. An example of sustainability applied to build system resilience to the
Barbados water system via the Safe & SuRe framework intervention pathway is provided below and in
Figure 4.10. To provide safe, resilient, and sustainable water services, the BWA can:
1. Mitigate threats to the water infrastructure (e.g. pumping stations): create emergency
preparedness and response plans to climate threats (hurricanes) that can impact pumping
stations (governance/organization resilience)
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2. Adapt the water infrastructure to limit impacts on the level of service (e.g. water supply
reliability): install excess energy capacity or redundancy in standby generation for quick
restoration of pumping capability (engineering system resilience)
3. Cope with the consequence of level of service impacts: y installing potable storage tank systems
at the household level (social resilience)
For the resilience water related literature reviewed, most studies were on water supply/distribution
systems, then water resources management focusing on socio-ecological systems, a few dedicated papers
to wastewater collection and treatment, with the least mention to water related institutions (US EPA 2020;
Rodina 2019; Sweetapple, Astaraie-Imani and Butler 2018; Juan Garcia et al. 2017; Arcadis 2017; Mugume
et al. 2015). In the literature, water supply systems resilience characterizations tended to focus on the ability
to bounce back/return to normal (withstand - absorptive & robustness), or the ability to adapt (flexibility),
or transform in response to changes or disturbances (Rodina 2019). For wastewater systems, studies
emphasized the ability to minimize the level of service failure magnitude and duration over the design life
under both routine and unexpected circumstances relying heavily on properties of robustness, flexibility,
rapidity of recovery, redundancy resourcefulness (Sweetapple, Astaraie-Imani and Butler 2018; Juan
Garcia et al. 2017; Currie et al. 2014).

Water
Infrastructure
(Pump Stations)

Threat/hazard

Society

Threat
Mitigate
Climate
Impacts

Consequence –
Vulnerability

Impact –
Level of Service

Safe
SuRe

Adapt

Water
supply
reliability

Cope
Household
Potable Water
Storage

Figure 4.10: Application of the Safe and SuRe Framework to the Barbados water and wastewater
infrastructure system to demonstrate the integration of sustainability principles in the engineering,
organizational and social components of the system
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The list of 24 properties that can enable the Barbados water infrastructure to become resilient are
provided in Table 4.4. The characteristics identified are proposed to enable the system to be resilient to the
known threats, and to deep uncertainty with unknown threats. These characteristics are also described in
the following paragraphs in the context of the interviews, and survey information provided and compared
with literature. Their applicability to the socio-technical system, and its component parts - the built
(physical/technical) and the socio-governance systems is also highlighted.
Resilient performance of technical (engineered) and socio(-governance) systems is descried as
limiting system failure duration and magnitude to any and all threats (Juan Garcia et al. 2017; Lee, Vargo
and Seville 2013; Butler at al. 2014). In terms of resilience design, there are 14, 6 and 4 characteristics that
are

applicable

exclusively

to

the

socio-technical,

socio-governance

and

technical

(physical/built/engineered) system, respectively. These characteristics, presented in Table 4.4, are
summarized below:
•

Socio-technical: anticipate, adaptive/flexibility, coping, learning, minimum level of service, reengineering fundamental processes, diversity, redundancy, interconnected, planning
strategies, recovery priorities, and climate, energy and financial resilience,

•

Socio-Governance: collaboration, innovation and creativity, leadership, minimization of silos,
staff engagement and involvement, stakeholder engagement, and

•

Technical (Physical): recover quickly, robustness/absorptive, having buffering capacity, and
physical system operational resilience.

In the socio-technical system, the first line of defense enabling resilience to disturbances is the
ability to anticipate, and plan for the disturbance. This stage includes the ability to anticipate trends and
variability in order to maintain services combined, with the foresight to plan strategies with recovery
priorities that are informed by an understanding of the interconnectedness of the system across scales or
sectors, and of lessons learnt from past disturbances. These disturbances can impact both the physical
components and organization operations. Planning strategies and recovery priorities come from
organization resilience theory, and they are used to identify and manage system vulnerabilities in relation
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Table 4.4: Characteristics that enable the Barbados water and wastewater infrastructure system to be resilient as identified from perspectives of
utility management, external management stakeholders and utility employees.
Source
System
Characteristics that enable system
Utility
External Management
Utility
resilience
Management
Stakeholders
Employees
Socio/
Indicators of Resilience
Union Regulator Board
Technical
(Built)
Engineering/Infrastructure Systems – General (Attribute-based)
Ofwat 2015
Both
Anticipate
X
X
X
X
Francis and Bekera 2014
Both
Adaptive/Flexibility
X
X
X
Butler et al. 2016
Both
Coping
X
X
X
Butler et al. 2016
Both
Learning
X
X
X
Francis and Bekera 2014
Both
Minimum Level of Service
X
X
Francis and Bekera 2014
Built
Recovery (ability to recover quickly)
X
X
X
Francis and Bekera 2014
Both
Re-engineering fundamental processes
X
Francis and Bekera 2014
Built
Robustness/Absorptive
X
X
Engineering/Infrastructure Systems – Specific (Standard/Performance- based)
Butler et al. 2014
Built
Buffering
X
X
Butler et al. 2014
Both
Diversity
X
X
Butler et al. 2014
Both
Redundancy
X
X
X
Infrastructure Systems and Water Sector Industry – Specified Operational Resilience
Walmsley and Personna
Both
Climate Resilience
X
X
X
X
2019
Scott, Crootof and KellyBoth
Energy Resilience
X
X
X
Richards 2016
Arcadis 2017
Both
Financial Resilience
X
X
X
X
X
Arcadis 2017
Built
Physical System Resilience
X
X
X
X
X
Socio-Governance Systems (Organizations) – Planning & Adaptive Capacities
Rodina 2019
Socio
Collaboration/Collaborative
X
X
Lee, Vargo and Seville 2013 Socio
Innovation and Creativity
X
X
Rodina 2019
Both
Interconnected
X
X
Lee, Vargo and Seville 2013 Socio
Leadership
X
X
Lee, Vargo and Seville 2013 Socio
Minimization of Silos
X
Lee, Vargo and Seville 2013 Both
Planning Strategies
X
Lee, Vargo and Seville 2013 Both
Recovery Priorities
X
Lee, Vargo and Seville 2013 Socio
Staff Engagement and Involvement
X
X
X
X
Rodina 2019
Socio
Stakeholder Engagement
X
X
X
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to the business environment and its stakeholders, and then determine the organization’s priorities after a
crisis to maintain the organization’s minimum operating requirements.
Built into planning strategies is identification of coping strategies, diversifying resource
requirement and with multiple pathways for delivery, redundancy in people and equipment that can assume
functionality as the need arises, and an overall long term commitment to re-engineering the social and
technical processes of the system with each planning cycle. The inability to plan for all eventualities also
means that these plans and recommended actions must also be flexible and adaptable. Utility employees
and management stakeholders identified the need for the BWA to establish Business Continuity Plans. This
type of plan, along with their emergency response and preparedness plan informed by the BWA risk
assessment, can help to mitigate system stressors before they occur, and identify appropriate actions for
when they manifest/reoccur.
The need to build capacities for water-energy and climate resilience were also identified for the
Barbados water infrastructure system. Planning for energy and climate resilience requires multi-institution
and multi-stakeholder participation to determine appropriate governance arrangements for implementation
and technology selection criteria, e.g. policies for resale of excess power to the grid, required installed
capacity for designation as an independent power producer, and required technology efficiency for
equipment importation. The BWA water-energy resilience nexus requires improving the quality of energy
supplied that causes equipment malfunction, investing in redundancy, integrating additional renewable
energy at pump stations, and regulating the cost of energy that erodes utility revenues and jeopardizes tariff
sustainability. Climate resilience complicates time and spatial scale issues with a range of interconnected
stressors that manifest in many ways, such as drought and flooding, and compounds other stressors in
somewhat unpredictable ways (US EPA 2020; AWWA 2019; CDB 2014). The Regional Strategic Action
Plan (RSAP) for Integrating Climate Resilience in the Water Sector in the Caribbean has produced a
package of training materials, tools, guidelines and technical notes to help water professionals and other
practitioners mainstream climate resilience in the water sector (Walmsley and Personna 2019). To
operationalize these plans at a national level, capacity building to undertake climate risk and vulnerability
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assessments has been identified as a support need. Employees at the BWA will have access to this resource
to build organizational capacity for climate resilience building activities. In addition to the Caribbean’s
water sector climate resilience RSAP, other tools exist in the global water industry. In the United States,
the Creating Resilient Water Utilities (CRWU) initiative assists water utilities through a comprehensive
planning process in understanding the potential long-term adaptation options for decision-making related
to water utility infrastructure financing (US EPA 2020).
Leadership and partnerships are needed for water sector resilience building (Rodina 2019). During
the planning stage, the adaptive socio-governance resilience system properties (leadership, minimization of
silos, staff engagement and involvement, innovation and creativity, stakeholder engagement and
collaboration ) are critical to increasing success of the mitigation plans and actions to be taken when a
disturbance arises. For example, participation of staff in scenarios to practice response arrangements will
serve to validate plans (Lee, Vargo and Seville 2013). Understanding by whom the actions proposed will
be completed, and their empowerment to do so is key to developing resilience in the system. In literature,
despite the acknowledgement of the importance of collaborative processes, most publications frame
resilience building as the responsibility of the water managers including operators, facility heads, and
individuals responsible for strategic planning (Rodina 2019).
The Barbados water infrastructure resilience characterizations explicitly or implicitly placed the
principal responsibility for building resilience with the BWA leadership. There were also some
recommendations that greater staff engagement is needed for buy-in with the strategic plan, and
acknowledgements of the role of staff stakeholder engagement with continuing education and training
opportunities that enable them to provide innovative and creative solutions to challenges as they arise, and
as well as for developing new business lines. General stakeholder engagement was also recommended for
engaging communities and households on water conservation, grey-water reuse, and building local water
storage capacity. Collaboration with related sectoral agencies (BL&P and the FTC) was also acknowledged
as necessary. New programs or alliances that cross beyond traditional water departments and institutions
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are better able to address complex and interconnected challenges facing the infrastructure system (Salinas
Rodriguez et al. 2014).
When a disturbance arises, the physical systems (technical/engineered) robustness and absorptive
capacities are used to withstand the impacts of disturbances on the system. System buffering
(designed/installed excess capacity) enables the system to maintain normal system function. When system
function is disrupted, the ability to cope with the impact and adapt enables the system to recover quickly.
The Barbados water and wastewater physical systems experience chronic and acute stressors which impair
their ability to withstand and adapt to maintain required levels of service. The stakeholders discussed many
threats and resilience building capacities that can be developed for the water system; however, little
information was provided for the wastewater system. The Company Wide Resilience Framework developed
by ARCADIS for calculation of resilience of the UK water industry identifies the components of the
physical system that are essential for operational resilience (Arcadis 2017). It proposes a methodology,
creating an asset list, conducting a hazard assessment, and generating a resilience score card. Similar
industry specific frameworks for wastewater system resilience characterizations are presently limited. The
Company Wide Resilience Framework also identifies borrowing, cashflow and other financial mechanisms
as important elements; however, no corresponding methodology for calculating financial resilience is
proposed. In addition to a rate review, the financial resilience at the BWA needs to address the lack of a
fuel clause adjustment which currently provides systemic losses in revenues. Technology-based resilience
solutions will only be possible if the funding is available to acquire them. The stakeholder recommendations
for this resilience capacity included integration of more renewable energy technologies in operations like
photovoltaic solar systems, installation of a system of booster pumps, and water system storage, and water
supply augmentation via desalination and rainwater harvesting.
4.4 Summary and Conclusions
This chapter provided utility management, external management stakeholders and utility employee
perspectives on the “Resilience of 1) the Barbados water and wastewater infrastructure system, and 2) the
BWA to any and all threats or stressors”. It identified the characteristics and properties of the system that
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enable resilient performance. This included sustainability, twenty-three (23) properties and three (3)
technology-based resilience solutions as characteristics that enable the Barbados water and wastewater
infrastructure system to be resilient. Of the resilience properties, 14 are applicable to the socio-technical
system, 6 to the socio-governance system, and 3 to the technical engineered system. This result is significant
because the majority of water sector resilience literature tends to only focus on the technical engineered
system components, however the Barbados context for water sector resilience, has demonstrated that the
socio-governance aspects are equally important in the characterization of resilience. Local context
descriptions of resilience properties were also provided, e.g. survival of the fittest. However, consensus
building on what these mean is needed to clarify characterizations.
Resilience properties were identified in multidisciplinary bodies of literature, including engineering
and infrastructure systems, water sector industry and regulation, social (governance) systems and
organization resilience. This has the advantage of identifying a more inclusive and diverse set of properties
and opportunities for joint optimization of social and technical factors in the system. The disadvantage is
that this adds complexity and uncertainty in defining the system boundary, and assessment of resilience
properties that exist across temporal and spatial scales. The applicability of the Safe & SuRe framework to
address the temporal scale complexities of resilience and sustainability for the Barbados water system was
demonstrated. Other resilience property specific literature was also referenced to determine how all of these
infrastructure system resilience characteristics identified in Table 4.4 can be further developed.
Utility management and external management stakeholders alluded to the level of commitment to
resilience as a key factor that will either retard or enable resilience performance. Resilience as a way of life
for the Barbados water and wastewater infrastructure system requires leadership and cross-sectoral
collaboration. Of priority for the BWA characterization of resilience is planning for water availability,
energy reliability, financial viability, and compliance with service delivery standards. This chapter took the
first step in operationalizing resilience, by identifying the resilience properties that can then be refined and
applied to create a definition for the Barbados water and wastewater infrastructure context, and then identify
metrics and measurement for resilience.
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The interview and survey results did not provide much information for the wastewater system
characterization, and this remains an area for further exploration through, for example, focus groups and
interactive workshops. Additionally, the focus on water infrastructure system and service provision did not
capture much detail on the socio-ecological system resilience capacities that are required to ensure water
source supply. Resilience of socio-ecological systems for water resources management in Barbados is
another recommended area for future research. Additionally, Union-specific perspectives in literature on
water infrastructure system resilience were lacking, and this represents an area for further research.
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Chapter 5: Transitioning to Resilient Water and Wastewater Services
at the Barbados Water Authority

5.1 Introduction
This chapter presents Part 2 of the results and discussion for Objective 1, “Characterize resilience
for the Barbados water and wastewater infrastructure system.” This chapter answers Research Questions
(RQ 1.2) “What are the challenges (stressors) that limit the utility’s ability to provide safe, reliable and
sustainable water and wastewater services?”, and (RQ 1.3) “What interventions are needed to enable the
utility to provide safe, reliable and sustainable water and wastewater services?.” It summarizes stakeholder
responses to these questions asked in the semi-structured interviews (Tasks 1A and 1B) and survey (Task
1C).
The results and analysis from these responses are presented in the following two (2) sections.
Firstly, Section 5.2 provides a discussion of the utility management, external management stakeholders and
utility workforce perspectives on Barbados Water Authority (BWA) challenges and interventions to provide
safe, reliable and sustainable water and wastewater services. Many of these challenges (stressors) were
highlighted in Chapter 4 but were not given an in-depth analysis. Then in Section 5.3, the perspectives are
summarized, and compared with BWA reference documents, and water sector literature to identify
synergies, tradeoffs, and points for consideration in the transition to resilient water services. This
preliminarily analysis of the feasibility of the interventions recommended, identifies opportunities for
changes and or creation of new utility plans, policies, and practices. The chapter ends with Section 5.4, a
summary of main findings with conclusions.
5.2 Challenges and Interventions to improve Utility Service Delivery
The mandate of the BWA is to provide safe, reliable and sustainable water and wastewater services.
As a socio-technical system, these services are delivered through interactions among the system
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components – (1) physical systems, (2) people (employees and service users), and (3) institutions
(representing internal and external governance and management structures). As proposed by BWA
management, external management stakeholders and BWA employees, this section discusses existing
challenges and interventions to enable the BWA to achieve its service goals. As far as possible, the themes
that emerged from these groups are categorized and discussed within the context of the socio-technical
system components - (1) physical systems, (2) people and (3) institutions. However, due to their
interconnectedness there is some overlap between discussions of the system components. Interviews are
inserted as figures to provide actual examples of stakeholder responses. Yellow and green boxes are used
to identify the challenges and interventions, respectively. This section provides an in-depth analysis of two
(2) of the essential resilience assessment elements – challenges/stressors, and interventions.
5.2.1 Utility Management Perspectives
During July and August 2018, nine (9) management level employees representing ten (10)
Departments at the BWA were interviewed to identify existing challenges and interventions to enable the
BWA to achieve its service goals. From these interviews twenty-two (22) challenges and fourteen (14)
interventions were identified, and they are presented in Table 5.1.
Table 5.1: Themes coded from Utility Management Interviews on the challenges and interventions for the
Barbados Water Authority to provide safe, reliable and sustainable water and wastewater services. The
count code represents the number of times the theme was mentioned in an interview.
Physical Systems
Code
People
Code
Institutions
Code
Count
Count
(Governance)
Count

ICT network

7

Challenges
Staff complement

18

Material availability
Equipment failure
Infrastructure
configuration
Non-revenue water

5
4
4

Employee stewardship
Staff skillset
Customer stewardship

11
11
9

4

Customer complaints

2

Business model &
processes
Budget constraints
Change management
Strategic planning

27

Standards of Service
Compliance

9

24
21
11
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Table 5.1 (continued)
Physical Systems

Code
Count

People

Code
Count

Institutions
(Governance)

Code
Count

Union Relations
Implementation
(follow-through)
External Pressures
Information access and
sharing
Unknown unknowns

9
8

Remote monitoring
Ageing infrastructure

3
2

Challenges
-

-

-

-

-

-

-

-

Capital
Improvement
Projects
Maintenance
Program
Water Supply
Augmentation
-

12

5

Interventions
Workforce appointment
and training
Succession planning

-

7
3
2

29

Inter-agency
partnerships

21

6

External funding

17

Collaboration across
departments
Adaptive planning
Institutionalize
approaches
Learning from others
Asset monitoring
Gender
mainstreaming

13

3

-

-

-

-

-

-

-

-

9
6
5
4
1

Most of challenges and interventions coded were with respect to the internal and external
institutional governance at the BWA. Business model and processes, budget constraints and change
management were the most referenced challenges, and the most proposed interventions related to interagency partnerships, external funding and collaboration across departments. Budget constraints contribute
to the existence of all the challenges identified and success of the interventions proposed. The challenges
are presented first, followed by the interventions with respect to the socio-technical system components.
5.2.1.1 Physical Systems
5.2.1.1.1 Challenges
Ageing infrastructure, equipment failure, non-revenue water, material availability, infrastructure
configuration, information and communications technology (ICT) network, and remote monitoring are
challenges identified with respect to the physical systems. Replacement and renewal of ageing
infrastructure is expensive. Limited operating budgets constrain which activities can be completed.
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Financing through loans is not the preferred route. If the country experiences a credit-rating downgrade
during negotiations, the rate of interest is increased, raising the overall cost of capital improvements. Old
infrastructure provides little protection of utility assets when new systems are placed in rotting buildings.
In addition to the infrastructure breakdown due to wear and tear and expected useful life, the loss of power
from the Barbados Light and Power Company Limited (BL&P) damages equipment connected to the power
supply. The BWA uses 15–20% of the total BL&P production, and the cost of standby power (traditional
generator) is substantial, equivalent to setting up a mini power utility to satisfy pumping requirements.
Additionally, during civil construction, contractors routinely damage water lines; the cost of water lost and
labor for repair is relatively cheaper than other utility infrastructure damage. Non-Revenue Water is 43%,
representing 36% real losses and 7% apparent losses. More than 96,000 of 115,000 customer meters have
been changed, however the remaining systems have low sensitivity and produce error readings.
“With reference to FTC standards on installation of new services, the installation
teams satisfy the service to some extent, then they run out of materials.”
(Respondent 2)

Figure 5.1: Excerpt one (1) from the utility management interviews to the question “What are the challenges
that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater services?”
The Fair Trading Commission (FTC) requires Installation of New Service be completed within 14–
20 days from receipt of application. Teams meet this target for a period but then run out of materials and
are unable to complete future jobs. Procurement of materials e.g. chlorine for operations is delayed when
requests are not properly timed, or if cash is not readily available. Additionally, materials sometimes go
missing, e.g. plumber fittings, and copper wire. Also problematic is the infrastructure configuration. For
example, in water distribution, transfer of water from lower to higher elevations is challenging, and ICT,
systems are not fully integrated, i.e. they do not all speak with each other, thus preventing seamless
information flow among applications. Back-ups of some systems are absent (e.g. security) and remote
monitoring of 60/65 BWA substations is currently not possible.
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5.2.1.1.2 Interventions
“Wastewater infrastructure needs to have generators always protected and
functioning, and lift stations should always be secured with some form or early
warning system which is it currently lacking. The Water infrastructure needs
protection of hydrants since persons with a turnkey can access them. As well as
special valves so persons can’t turn water on and off. In addition, buildings need
to be protected against intrusion, as well as from persons sabotaging pumps and
potable water systems. Finally, the perimeter fencing, lighting, locks for facility
and barrier should be given importance.” (Respondent 1)
Figure 5.2: Excerpt one (1) from the utility management interviews to the question “What interventions are
needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?

Capital improvement activities proposed for the water infrastructure system include introduction
of SCADA to monitor reservoirs and prevent overflowing, integration of photovoltaic solar systems at
pumping facilitates, electrical equipment to protect variable frequency drives (VFD) that are sensitive to
power quality fluctuations from the BL&P, securing of hydrants which can be accessed by persons with a
turnkey, and meter installations to complete the process of forming district metered areas to assist with nonrevenue water reduction. To upgrade equipment and technology software as needed, purchases should
prioritize options with add on features vs new whole purchases, e.g. new forklifts designs for BBD 1M vs
those with add-on design options for BBD 0.1M.
Wastewater systems upgrades and improvements included protection of generators to ensure
they’re always functioning, and construction of a lift station at the South Coast plant that has an early
warning system against component failure. There must be greater planning and better forecasting regarding
plant maintenance, catering for the useful life of the plant, i.e. ageing of the asset and its components (e.g.
30 years, budgeting some resources each year), and this in turn will assist in planning for the financing of
these maintenance activities. Standard Operating Procedures need to be created to prioritize maintenance
and upkeep which has been neglected.
Restoration of >3,000 neglected manholes that are breeding grounds for mosquitoes was also
identified. Community and household level investment in storage - personal drinking water tank systems
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and rainwater harvesting, was also proposed. Collaboration with the Environmental Protection Department
and the Environmental Health Services on monitoring mosquito levels in manholes, and in water storage
systems being added at household and community levels is needed.
For water supply, new supply sources to reduce the expensive practice of pumping water from
lower to higher elevations are needed. Aquifer levels also need to be closely monitored to prevent overabstraction. Liaising with the Caribbean Institute for Meteorology and Hydrology (CIMH) to predict
changes in water availability is needed to plan and determine water production limits. To further increase
supply, investment in another brackish water desalination plant was recommended.
Introduction of checks and balances (completing pre and post request forms) for monitoring
materials and fittings requests from the stores department has reduced incidence of missing items, and
guards and installed cameras are able to monitor vehicles leaving and entering facilities. Upgrade of BWA
facilities that house critical equipment is also necessary. Theses upgrades will protect equipment and
facilitate remote monitoring of the more than 60+ utility remote sites. For example, repair of leaking roofs,
changing from wooden to concrete or metal structures. Cyber security hasn’t played a big role in utility
operations to date, however introduction of SCADA and remote facility monitoring will require that all
locations have internet connectivity, including firewall and antivirus security solutions. There are no
persons dedicated to Cyber Security at this point but this needs to change.
5.2.1.2 People
5.2.1.2.1 Challenges

“We provide a 24-hour service with a 9–5 staff.”
(Respondents 1, 3, 4 and 8)
Figure 5.3: Excerpt two (2) from the utility management interviews to the question “What are the challenges
that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater services?”
Workforce challenges identified included staff complement, staff skillset and employee
stewardship. The BWA employs approximately 800 persons. Multiple interviewees referenced the fact that
the BWA provides a 24-hour service without personnel and work shifts to adequately support these
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operations (e.g. customer service, security). Overtime represents 45–57% of the wages bill, and there is a
current drive to reduce this to 10%. The overtime culture supports the lifestyle of employees, e.g. more
mortgages. Many Departments have functional roles vacant. One Department has only 1 staff member,
with the remaining personnel contracted from a firm. The staffing process entails hiring, firing and then
rehiring employees on a contractual basis. Retirees are also rehired on contract to train new hires.
Rethinking skills and retooling of workers is not proactive. The HR (plus) IT system can create a
succession plan, but this has not been built out. The skills bank database is not comprehensive, and there
are no training guides in place for the use of new skills acquired by employees who pursue additional
degrees or training. Technology implementation has created redundancy in job posts and changed job
profiles often without union consultation. For example, introduction of the SCADA system now only
requires 27 of the 57 persons employed to monitor reservoir levels at pumping stations. Staff cannot be
dismissed, but need to be retrained in other critical areas, a task which has proven difficult.
“Generally, miscommunication, mistrust, poor communication, and a lot of
audits activities undermine management–employee credibility.”
(Respondent 6)
Figure 5.4: Excerpt three (3) from the utility management interviews to the question “What are the
challenges that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater
services?”
Staff goodwill is present. During the water and wastewater crises, employees worked overtime to
restore customer service. They knew what needed to be done and were willing to do so but on a limited
basis. A concern is whether some Departments develop a “hero-complex” thriving on fixing crises vs
deriving satisfaction from maintaining normal operations. For operations and special projects, technical
elements of contracts, meeting schedules, after-sale service, maintenance, and on-the-ground training are
weaknesses experienced during the procurement process. Project extensions are possible, and staff
frequently use this opportunity because work on special projects affords a temporary salary increase.
Further, the credibility of management-employee relationships is impacted by miscommunication, mistrust,
poor communication, and frequent audits.
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“There are about 500 standpipes on the island, and people abuse them during
drought periods. Although water is cheap, payment agencies, such as SurePay
and Bill Express, show a lack of respect for water bill payments compared with
other utility bills. Persons pay their full electricity and telephone bill and are
asked how much they want to pay down on their water bill. The mindset
regarding the importance of paying water bills needs to be changed.”
(Respondent 2)
Figure 5.5: Excerpt four (4) from the utility management interviews to the question “What are the
challenges that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater
services?”
Customer stewardship and customer complaints were two other challenges highlighted. Regarding
distribution, customer complaints are rampant. There is a high frequency of burst mains that interrupt supply
or result in low pressure to areas. BWA’s customer engagement increased with the use of social media from
June 2018. This initiative has been lauded as customers now receive timely and consistent information and
can plan accordingly for a supply interruption. Knowledge sharing and transparency in the repairs progress
build customer confidence and understanding. Conversely, the abuse of standpipes is an ongoing problem.
This is one pathway customers use to avoid paying for water. Further, bill payment agencies, e.g. SurePay
and Bill Express do not engender BWA customer stewardship by suggesting partial payment of water bills
vs full payment on electricity and telephone bills.
5.2.1.2.2 Interventions

“There is need for a change in skillsets, training, processes, restructuring of
departments, as well as the need to do a lot of retooling in order to respond to
requirements.” (Respondents 6)
Figure 5.6: Excerpt two (2) from the utility management interviews to the question “What interventions are
needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
Workforce appointment, training and succession planning is needed to provide the BWA with
employees who have the requisite skillsets to enable the organization to meet service delivery standards.
Ernst and Young Barbados created a Training Plan for the BWA helping it to identify correct personnel in
adequate numbers, with the necessary skillsets, working in appropriate roles, and how this relates to
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strategic succession. This plan is not yet implemented, however it provides a baseline for informing hiring
processes, training requirements, performance assessments and succession planning.
Traditional hiring processes have resulted in over resourced and under resourced units. The utility
has a hiring cap across all functional areas, with priority given to technical persons who are typically unable
to fill other roles. The BWA needs to hire for skillsets and not just a unique job description. The staff
complement across the organization is also divided in departments using a mix of internal and external
personnel to execute contract projects. Projects being implemented impact internal staff’s job titles and job
description which has implications for union bargaining requirements. It is difficult to change the job
description of an internal employee with union consultation. Dual roles by utility employees to fulfill
contract requirements can lead to one activity being prioritized over another. A Resource Matrix is therefore
considered necessary for each project thus removing the need to create mini departments for each project
being implemented. Internal staff and hired local consultants should also work along with external
(international) consultants during project development to allow knowledge transfer to the utility.
“Training needs to include a clear definition of what is needed and what is the
person's role. This will help persons better understand the impact of their
commitment to the organization.” (Respondents 3)
“Specialty training on water infrastructure for better protection is needed.
People need to be more engaged with the infrastructure they're working to
protect. More staff engagement overall on the business on the utility would
help.” (Respondent 1)
Figure 5.7: Excerpt three (3) from the utility management interviews to the question “What interventions
are needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
Training needs at the utility are extensive. Necessary for all staff is On-the-job training, and
refresher training on how the employee’s role and their commitment to this role impacts the overall
organization. A comprehensive Leadership and Management Program is also needed to impact on senior
personnel commitment, leadership and management at the utility. Training plans should show how skillsets
and roles contribute to overall organization function with opportunities for horizontal or vertical mobility.

77

Reintegration plans for employees who pursue further education programs is also needed so that their new
skillsets and expertise are utilized.
All staff should learn the basics on how the BWA’s water and wastewater systems function.
Specialty training in Project Management is currently limited to IT, Engineering and Projects, however this
would be useful for all departments heads as their input is critical to the success of operations. Risk
Assessment, Management and Compliance is also needed. For example, there may be the expectation of
drought, but no actions are prosed towards resolving it. It’s important that persons understand that how they
execute their jobs can become a risk management issue, e.g. customer services not sure how to work with
documents, or ensuring compliance with the national laws, such as issuing every employee with a payslip
in their hand. Employees manage projects in their respective departments without the appropriate due
diligence. A corporate governance structure for risk reduction and compliance is presently missing but
needed. The board needs to insist that these measures are put in place. A culture of compliance can be
developed by training programs, and internal communication awareness and external public education.
“Cross Training is critical for multi-tasking across departments. There are plans
to establish a program with the Technical & Vocational Education and Training
Council (TVET), so that the BWA will now be able to train their own people,
e.g. plumbers and general workers to allow them to multi-task. Currently, a
comprehensive Audit is being undertaken, so that TVET will train BWA staff,
who will become trainers of trainers, engineers and assessors, among others.”
(Respondents 3)
Figure 5.8: Excerpt four (4) from the utility management interviews to the question “What interventions
are needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
To develop a skills-based workforce and culture at the BWA, cross functional departmental training
is practiced in some departments and should be expanded across the organization. The BWA has plans to
work with the Technical & Vocational Education and Training Council (TVET) to develop an internal
training program that fulfills this goal. Union engagement on and advocacy for the TVET program is
important for discussions on rethinking and retooling of staff loss created by technology implementation
e.g. introduction of SCADA at pumping stations has reduced employee numbers by half.
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The Associate Degree Course in Procurement at the Barbados Community College is also
recommended for employees whose roles include procurement processes. This is preferable and more
effective than educating multiple personnel every day or internal ½ day half day training sessions. The
technical elements of contracts, meeting schedules, after-sale service, maintenance, and on-the-ground
training are weaknesses experienced during the procurement process. Systematic training and improvement
in practices can allow the BWA to benchmark itself with international institutions with respect to
procurement, as well as have the BWA become a benchmark.
There is software for the Performance Management and Appraisal System (PMAS) however it has
not been implemented. PMAS once in use is valuable, however, personnel need to hone their skills and
drive institutional knowledge and personal development, teaching them why and what they’re not doing
appropriately, which is the core of the problem. Workforce effectiveness requires teamwork, a core value
of the organization culture, everyone’s individual commitment, and their willingness to help others.
5.2.1.3 Institutions (Governance)
5.2.1.3.1 Challenges
“The BWA is not ready for this change, based on the mindset of staff, skillsets,
and non-existent business processes, from top to bottom. Business processes are
too cumbersome to effect these standards. The train is not leaving on time. An
instruction is not good enough. Ridiculous! In other words, change is required
in management, culture and business.”
(Respondent 6)
Figure 5.9: Excerpt five (5) from the utility management interviews to the question “What are the challenges
that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater services?”
With respect to Internal Governance and Management Structures, the BWA has been operating in
crisis mode for the last 3 years. The institution has been unable to adequately focus on operations because
resources are redirected to remedial actions. In one instance, this has resulted in the creation of a new
Department which is not viewed as the best course of action. Organizational resources are stretched, and
the business model has expanded beyond its core of water production and wastewater treatment to include
remedial actions such as domestic potable water tank installations. Tank installations do not solve the core
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problem of water supply interruptions. Resources have also been diverted on short notice to prepare the
BWA’s billing systems to receive payment for the Government Instituted August 1, 2018 Garbage and
Sewage Contribution Tax.
The process and culture of fixing everything inhouse is problematic. Where possible, tasks can be
contracted. However, the BWA is sometimes held ransom by the contractors. For example, the installation
of meters has halted because the company awarded the contract did not want to provide the access keys for
meter data download. They would only do so for an additional payment. The Utility needs to be more
proactive and create competition by licensing different persons to provide services that can be contracted.
Project Management should be a requisite skill of every divisional head; however, this training is currently
only required by Engineering, Projects and IT.
To reduce revenue losses, automatic rate increases tied to the rate of inflation for labor, chemicals
and electricity are missing. Tariff increases that pass on utility inefficiencies to the customer must not be
considered. Accounting processes do not reflect the true cost of a process. Debt is not documented in the
accounts if the Utility is not paying for it. The true cost of infrastructure is not captured when the BWA is
a beneficiary of assets, but the Government pays the principal and interest on loans.

“The Core Values from the Strategic Plan are Responsiveness, Commitment,
Integrity, Respect, Teamwork, Efficiency and Service Excellence. Regarding
Teamwork, there are too many silos, so that the left hand doesn’t know what
right hand is doing.” (Respondent 3)
Figure 5.10: Excerpt six (6) from the utility management interviews to the question “What are the
challenges that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater
services?”
The BWA Strategic Plan is not well communicated and does not adequately address the Utility’s
needs today, in 5 or 10 years. Operating in crisis mode doesn’t allow the utility to stop to think and align
actions with the Strategic Plan. Further, financials drive change processes with goals changing based on
available funding. Projects are the best avenue to achieve the Strategic Plan, however, many studies are
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done with no implementation. For example, workforce reduction cost-cutting measures proposed in 2012
are still being discussed in 2018. Similarly, standardized resource matrices are not required for every
project and this leads to executed contracts changing employee job titles and descriptions. All Departments
and prerequisites for efficient strategy implementation are not addressed. Technology integration resulting
in underemployment is a current and projected future challenge. Employees see themselves become
redundant before management. Departments work in silos, often only consulting others at the end of a
planning process. This often impacts accuracy of budgets, length of procurement processes, and access to
shared resources.
“FTC standards are another crisis, after water and wastewater. It is burdensome
to compile a case for a rate increase, and it is suggested that one be done every
5 years, based on indices of inflation, energy, and general cost increases.
Further, FTC standards force the BWA to change the way business is done.”
(Respondent 6)
Figure 5.11: Excerpt seven (7) from the utility management interviews to the question “What are the
challenges that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater
services?”
With respect to external governance and management structures, procurement is critical to all
Utility operations. When cash is not readily available, external factors such as agency credit limits and 2-3
year contract agreements also limit the Utility’s ability to purchase what it needs. These factors have directly
contributed to the lack of materials available for meeting the FTC Standards of Service. The Organization
needs a greater appreciation for compliance in terms of achieving regulatory compliance, supporting
continuous improvement, and examining the degree of enforcement. Terms and conditions in union labor
agreements also limit how quickly the BWA can respond to different challenges. An effective business
model should create job opportunities outside of the BWA, e.g. pump replacement, laying of mains, since
that type of expertise is available in the private sector, which can react and mobilize quickly.
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“The Organization is highly unionized. As such, the BWA is engaged in
ongoing discussions with the Unions, since their interface will be very
important in determining redundancy created by technology implementation,
changes in conditions of work and other related considerations, such as
rethinking and retooling of workers.” (Respondent 3)
Figure 5.12: Excerpt eight (8) from the utility management interviews to the question “What are the
challenges that limit the utility’s ability to provide safe, reliable and sustainable water and wastewater
services?”
In instances of technology acquisition, project contracts do not have adequate after-purchase
support requirements. Training is too short and not enough persons are engaged. A lease agreement period
in contracts to identify and fix errors is also absent. Use of technology would facilitate operations, create
opportunities for offline management, in a proactive manner. However, the issue of redundancy due to
technology could create adverse relationships with unions. Union engagement is needed to rethink skill sets
and retool workers.
5.2.1.3.2 Interventions
“Security can provide costs for upgrade of basic structures housing equipment;
include these costs in the project.” (Respondent 1)
“Projects under budget do not reflect the true cost, so they’re under cost. For
example, with respect to technology upgrades, the accompanying items such as
electricity costs are not examined, and they could amount to 1M more.”
(Respondent 4)
Figure 5.13: Excerpt five (5) from the utility management interviews to the question “What interventions
are needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
Internal and external interventions were proposed to improve the BWA’s ability to plan and execute
its operations. Internal processes included collaboration across departments, institutionalization of
approaches, adaptive planning, asset monitoring. Collaboration across departments is particularly critical
to facilitate day to day operations and projects management. Security, Human Resources, Legal and
Regulatory Compliance, IT, Procurement, and Finance (Accounts) departments all have unique roles to fill
in Engineering Projects delivery, however the full benefit of their expertise is not always realized due to
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late inclusion in project development and or implementation. For example, Security is needed to determine
building requirements for equipment installation, and without this input these items are not included in the
project scope and budget. Procurement plays a major role in project delivery and can provide realistic
estimates for project costs so that all items are accounted for in the planning phase. IT is involved in
evaluation of tenders, but a consultant is hired to complete task, and makes final decisions. IT is not
consulted again on final recommendations from implementation which impact efficiency of operations
when systems are handed over to the utility. Streamlining project development and creating protocols for
department engagement will help to leverage the perspectives of respective groups.
Due to funding constraints, projects drive the BWA’s ability to achieve its strategic goals. More
effort to streamline projects with strategic goals is warranted. IT is missing from the Strategic Plan, however
this is critical to a lot of the projects coming onstream and needs to be rectified. Adaptive planning requires
that the Strategic Plan reflect the existing realities. If there's a mismatch, the Strategic Plan should be
regularly consulted and updated, to reflect priorities as these changes flow through the organization.
An operational audit on how climate change impacts the BWA would also help with adaptive
planning at the utility. Standard Operating Procedures (SOPs) are needed for use of variable frequency
drives including taking them offline in the event of an emergency situation/natural disaster. Balancing the
use of chlorine and risks associated with this must be a priority, especially as those responsible have a very
good idea of how long the chlorine will last. Close monitoring must be done to stretch the use of this item
which is difficult to purchase. Assignment of supervisory management and staff where their skillsets are
best utilized is needed to implement and monitor progress of standard operating procedures.

“Looking at the Personal Tank Program and Rainwater Harvesting, household
training in conservation is needed, along with a Water Safety Programme. The
Health component of not having a flow through system must be taken into
consideration, hence collaboration is essential with Ministry of Health.”
(Respondent 5)
Figure 5.14: Excerpt six (6) from the utility management interviews to the question “What interventions
are needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
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Inter-agency partnerships and cooperation with Government agencies and Emergency Response
and Preparedness Organizations is important for the health and safety of BWA customers and employees.
The BWA can work with the BL&P to discuss technical requirements and best practices for management
of an increasing number of renewable energy projects. Cooperation with the Environmental Health
Department (EHD) and the Environment Protection Department (EPD) is required to ensure water quality
is maintained in domestic potable tank and rainwater harvesting storage systems. Engagement of the EHD,
EPD and the Town and Country Development Planning Office on mosquito control is also needed to ensure
activities are synergistic and in alignment with national standards. To reduce the number of lost school days
due to water supply interruptions, the Ministry of Education and BWA need to work together to increase
water storage at schools. The BWA coordinates with multiple agencies for Emergency Preparedness and
Disaster Relief. For example, in preparation for a storm equipment can be moved to the Cable and Wireless
Data Center that has been built to withstand category 4/5 hurricanes and earthquakes. The Department of
Emergency Management, Defense Force and Police are also key partners in pre and post emergency
response situations. The BWA also participates in the National Level Cyber Security Emergency Team.

“Equipment is moved when necessary to the Cable and Wireless Data Center,
which has existing infrastructure built to withstand hurricanes and earthquakes.”
(Respondent 7)

Figure 5.15: Excerpt seven (7) from the utility management interviews to the question “What interventions
are needed to enable the utility to provide safe, reliable and sustainable water and wastewater services?
Access to external funding is a lifeline for the BWA. In recent years, the BWA has done projects
with the International development Bank (IDB), the Caribbean Development Bank (CDB), the
Development Bank of Latin America (CAF), European Investment Bank (EIB) and the Green Climate Fund
(GCF). External donor agency requirements have forced some improvements in utility operations. For
example, Internal Audit was set up as part of an IDB grant. Additionally, funding is available from agencies
to centralize and streamline the approach for projects management, so the organization is better aware of
what projects are ongoing ad in the pipeline. This preparatory support financing helps raise the utility profile
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and capacity to develop fundable infrastructure projects. The requirement of a Climate Vulnerability
Assessment for projects is increasing utility specific data and capacity on this topic. Donor funded projects
also bring gender into focus, otherwise gender impacts are not considered in Projects. External funding has
also allowed the BWA to comply with local legislation. For example, change of the BWA billing system
in two (2) months to accommodate the new the Garbage and Sewage Contribution Tax by August 1, 2018,
was supported by a Canadian company, which had to redivert resources, to complete this task.
In addition to these benefits, one significant drawback from external funding that needs to be
addressed is that the financial books of the utility do not reflect the true cost of capital, including
maintenance costs, since the financial assistance is often external to their debt service requirements. For
example, the BWA is a beneficiary of an asset, however it is the Government which is paying the interest
and principal debt service charges to the Inter-American Development Bank. BWA Report and Accounting
does not include these costs. To capture the true cost of infrastructure, these should be included in books.
Additionally, during contract negotiations if rates of return on loans are not decided in a timely manner the
country’s credit rating can be downgraded during the period, and ultimately locking the utility into very
expensive agreements. The final of capital can be significantly higher than previously anticipated.
5.2.2 External Management Stakeholder Perspectives
During July to October 2019, external management stakeholders (Union, Regulator, and BWA
Board) answered questions on the challenges experienced and interventions required for the BWA to
provide safe, reliable and sustainable water and wastewater services. The themes that emerged from these
discussions are summarized in Table 5.2. Interviewees identified nineteen (19) challenges that limit the
BWA’s ability to achieve this goal, and proposed fourteen (14) interventions that would enable the utility
to achieve mandated service goals. These results are presented in the following sub-sections by stakeholder
group, and with respect to the socio-technical system components with overlap in some instances due to
the interconnectedness of the themes. Challenges and interventions proposed were almost equally
distributed across the system components.
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Table 5.2: Themes coded from the External Management Stakeholders’ Interviews on the challenges and
interventions for the Barbados Water Authority to achieve water and wastewater service delivery goals
Theme
Union
Regulator
Board
Challenges
Physical Systems
Ageing Infrastructure
Fats, Oils and Grease (FOGS)
Pumping Capability
Non-Revenue water
Water Quality
Wastewater Treatment

X
X
X
People (Workforce & Customers)
Customer Stewardship
X
Job Safety
X
Job Security
X
Staff Complement
Staff Stewardship
X
Staff Skillsets
X
Water System Knowledge
Institutions (Governance)
Budget Constraints
X
Business model and process
Tariff Sustainability
X
Technical Cooperation for Energy/Water Nexus
Governance and Risk
Union Labor Relations
Theme
Union
Interventions
Physical Systems
Capital Improvement Projects
X
Maintenance Program
X
Water Supply Augmentation
X
People (Workforce & Customers)
Customer Engagement and Education
New Job Opportunities
X
Public Advocacy Groups
Staff Communication and Public Education
X
Workforce Appointment and Training
X
Institutions (Governance)
Commercial Rate Review
X
External Funding (Co-ownership or Privatization)
Inter-Agency Partnerships
New Business Opportunities
X
Strategic Planning
Union Bargaining and Advocacy
X

X
X
X
X
-

X
-

X
X
X
X

X
X
X
-

X
X
X
Regulator

X
X
X
X
Board

X
X
-

X
X
X

X
X
X
-

X
X
X
X

X
X
-

X
X
X
X
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5.2.2.1 Barbados Workers Union
5.2.2.1.1 Physical Systems
For the physical systems, challenges related to non-revenue water (NRW), wastewater treatment,
and fats, oils and grease (FOGs) were identified. Interventions to these challenges included: pipe
replacement for the water loss through leakage, upgrade of the South Coast Sewage Plant from its current
status as a primary treatment facility, and a public education campaign to alleviate the problems caused by
the FOGs and other extraneous materials in the sewage system (e.g. rags). Due to water scarcity in
Barbados, it was recommended that the BWA invest in the distribution network to transfer water from the
Ionics Spring Garden Desalination plant to areas in the north of the island that are frequently impacted by
supply interruptions. Pursuit of renewable energy (RE) projects was also recommended to reduce the
BWA’s electricity bill. The implication of this capital improvement project is that less money would be
paid for electricity, as well as less fuels burnt, resulting in BWA being more friendly to the environment.
“Renewable energy is a means of reducing the light bill and could even be used to
pump in a more efficient way in terms of using the solar field. The implication is that
less money would be paid for electricity, as well as less fuels burnt, resulting in BWA
being more friendly to the environment. (Union Representative)
Figure 5.16: Excerpt one (1) from the external management stakeholders’ interviews to the question “What
interventions are needed to enable the utility to provide safe, reliable and sustainable water and wastewater
services?
5.2.2.1.2 People
With respect to people, job security, safety, and staff skillsets were significant concerns. With the
staff cuts as a requirement of the Barbados Economic Recovery and Transformation (BERT) Program, job
security was the most critical concern. The Union has proposed two cost-saving measures to benefit both
parties. This includes reduction in the wages bill by limiting staff overtime payments, and electricity costs
via investment in RE projects. The hope is that cost-saving measures will assist in job stability for staff if
the BWA is saving money in other areas. These two ideas have been discussed for many years, however it
is hoped that the current environment will incentivize the BWA to act on these initiatives. The interviewee
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also believed that this is an opportune time for the utility to consider new business opportunities, stating
that is not that staff don’t have enough work to do, but this would provide increased options to compensate
them. For example, some plumbers may have Polytechnic Institute Certification in both water distribution
network and household plumbing, but do not use this latter skill on the job. The Company is therefore not
aware of their skillset, but these persons could then be free to use their other skill on their own time outside
of work. Similarly, additional work opportunities beyond the meter would fully staff the 2 shifts by bringing
in resources, and not only fixing solitary bursts at no cost to the customer. Specialized training could be
offered by human resources to verify staff skillsets and control the quality of job completion, or staff could
be encouraged to pursue the relevant certification on their own.
“with the Garbage & Sewage Levy in place, people who live far away from the
sewage system ask why they have to pay for sewage in spite of the distance
from the plant. What they fail to accept is that when sewage was on the streets,
tourists didn’t come, and that meant no foreign exchange, and supermarkets
could not put American brands on the shelves because of non-clearance of
foreign exchange from Central Bank. They need to understand that this
situation affects their standard of living, so if people generally couldn’t see
this, maybe employees in general couldn’t see the interconnectedness of what
they are doing.” (Union Representative)
Figure 5.17: Excerpt one (1) from the external management stakeholders’ interviews to the question “What
are the challenges that limit the utility’s ability to provide safe, reliable and sustainable water and
wastewater services?”
In terms of safety and health equipment, another issue is uniforms especially for staff such as
Plumbing Crews who work in the field. Given the financial constraints of the current environment,
employees have not received uniforms from the BWA for a number of years. Union bargaining and
advocacy will continue to raise this issue. Customer and staff stewardship of the wastewater system is
another issue highlighted. Knowledge of the operation of the wastewater system is lacking as is evidenced
from FOGs and rags in the network. Additionally, customers and employees do not recognize
interconnectedness of BWA operations on the country’s and their quality of life, and therefore the collective
responsibility for funding BWA operations. This was evidenced by staff and customers dissatisfaction with
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the introduction of the Garbage and Sewage Contribution (GSC), a portion of which goes to fund the
wastewater system operations. Internal utility and public education on both of these issues is recommended.
“In 2009, water rates were increased by 60%, and it was proffered then that
this would generate revenue for fixing of mains and provision of services,
among other things - a promise that wasn’t kept. In addition, the Utility’s
water seems to be undervalued, since bottled water costs far more than the
equivalent amount of water coming from the tap, but there’s a limit to what
people would pay for. On the whole, another tariff increase with a promise of
service improvement and availability would not be a viable option – “makes it
seem like you’re playing wolf”.
(Union Representative)
Figure 5.18: Excerpt two (2) from the external management stakeholders’ interviews to the question “What
are the challenges that limit the utility’s ability to provide safe, reliable and sustainable water and
wastewater services?”
5.2.2.1.3 Institutions (Governance)
With reference to institutional governance, a commercial rate increase was recommended to
address budget constraints and tariff sustainability. It was felt that water rates should be increased for the
commercial customers, but wouldn’t be feasible for individuals. In 2009, water rates were increased by
60%, and it was proffered then that this would generate revenue for fixing of mains and provision of
services, among other things - a promise that wasn’t kept. Another tariff increase with a promise of service
improvement and availability would not be a viable option at this time. To generate additional revenue for
the BWA, more options for new business opportunities were offered. For example, the BWA has detection
equipment which could be sold as a service, especially in areas where there is private development,
communities with only 1 meter feeding a number of townhouses. While the plumbing staff’s work normally
stops at the meter, in cases where problems may arise with leaks at the household level, the staff could be
permitted to go beyond the meter, and sell their services for the benefit of the Authority. This policy could
also be extended to accounting staff, who are certified, to offer their services outside of work or where their
skillset is needed. There is a potential market in small to medium size entities for accounting staff. The
Water Authority Act could be amended to allow for development of these utility services. If the BWA is to
move into other revenue streams, this cannot be done overnight, but it merits a serious, comprehensive
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study to determine what can be done within the limits/framework of the FTC, since just selling water and
taking sewage cannot be a viable option for the Utility, which needs help to stay relevant and viable in the
long term.
5.2.2.2 Barbados Fair Trading Commission
5.2.2.2.1 Physical Systems
Ageing infrastructure, non-revenue water, pumping capability and water quality were the physical
system challenges identified. Pipe replacement was proposed to fix the high level of bursts system
(approximately 900–1,200 per month), which has led to high non-revenue water. Spare pumping equipment
purchases to allow for service to continue or to be up and running soon after a major outage was also
recommended. Generally, water quality has been very good, but recently there have been some threats in
terms of nitrogen levels. Monitoring for the source of the nitrogen is ongoing.
5.2.2.2.2 People
“Efficiency and conservation are key to water. It is understood that Barbados
is water-scarce. Barbadians don’t understand the definition of what is a
drought. They see rain fall for a week and assume drought conditions don’t
exist anymore. They don’t understand the requirement to have a certain
amount of drinkable water per capita.” (FTC Representative)
Figure 5.19: Excerpt three (3) from the external management stakeholders’ interviews to the question “What
are the challenges that limit the utility’s ability to provide safe, reliable and sustainable water and
wastewater services?”
A lack of knowledge on the water system impacts customers’ water use practices – efficiency,
conservation and storage. There is a disconnect between knowing Barbados is in a drought, and then seeing
rain fall for a week and assuming drought conditions don’t exist anymore. Customers need information that
explains what water resources exist (e.g. freshwater and saltwater), and that there is a difference in
availability and cost to develop these resources. Recommendations in the public sphere are for
commissioning a number of desalination plants, but these may be unsustainable, given the economic
constraints. Additionally, for persons at home, there are possible water quality and safety issues related to
the potable storage tank systems. For a lot of people, the tank is a breeding ground for mosquitoes when
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they are not sealed properly. The black tanks are also poorly maintained or neglected since they are
considered an eyesore and stand out in terms of aesthetics. Public education on water infrastructure service
delivery, and the rationale for various household water efficiency, conservation and storage strategies is
needed to effect behavior change.
Public engagement on water resources management and service issues by empowered advocacy
groups is lacking but desired. It was felt that Barbadians need to be more in tune and active in engaging the
“Powers-that-be on more issues”. Individuals tend to ignore issues and would only get up and act if they
are directly impacted in a significant and profound way. It is important to represent the masses, those
persons who may not be able to articulate or adequately defend themselves if they have a point.
5.2.2.2.3 Institutions (Governance)
Tariff sustainability and technical cooperation at the Water-Energy nexus were two (2) governance
issues highlighted. Tariff sustainability is an ongoing concern for the BWA however a tariff review has not
been initiated since 2009. A tariff review is a potentially long process requiring the BWA to devote limited
resources to collate significant baseline data, demonstrate financial need as well as high service quality and
efficiency commensurate of the rate increase. The BWA has recognized that it is not currently able to make
this case, so it is putting things in place first before approaching the FTC for a rate review.
Against this context, to raise revenues to alleviate budget constraints, the Government of Barbados
in parliament presented a motion to increase the commercial rate of water, because of a deemed anomaly
in that the commercial rate being lower than the spectrum of ranges for the domestic rate. Ordinarily, a
commercial rate increase comes through the Commission, but due to the urgency of the need and identified
oversight in pricing, the Government wanted to do this swiftly, so the best way was through legislation.
The steps involved in this process included: 1) Amending the Utilities Regulation Act; and 2) Retroactively
validating what was done (since it was already in place) to legitimize that particular stance.
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“like the Ministry, the Commission is regulating Water & Electricity from their
end – that of implementation, so they have a shared stake – the Ministry from
the Policy end – “one hand must shake the next.” Given the impact of these two
sectors on the sustainability of Barbados going forward, it is important that they
have the resources to be able to undertake this “Mammoth Ministry”, since the
Ministry is big, and the requirements are big.” (FTC Representative)
Figure 5.20: Excerpt two (2) from the external management stakeholders’ interviews to the question “What
interventions are needed to enable the utility to provide safe, reliable and sustainable water and wastewater
services?
The technical expertise to support the rapid developments of the BWA Water-Energy nexus is
lacking. The human resources associated with both water and energy is lacking at the levels of the BWA,
the FTC and the Ministry of Energy and Water Resources. Investing in energy generation advantages the
BWA since it is the single largest energy consumer for BL&P With water and energy now under the same
ministry, there is incentive for developing these synergies, and there needs to be more deliberate interagency partnerships for these developments to progress.
5.2.2.3 Barbados Water Authority Board
5.2.2.3.1 Physical Systems
Ageing infrastructure challenges include rupturing of old and undersized pipes, piping material that
discolors water, dilapidated pumping stations with old structures, leaking roofs, and rusted equipment.
Although capital improvement projects and a maintenance program have been identified to improve the
integrity of the infrastructure, financing remains the greatest barrier. Grant funding opportunities are being
explored to solve this challenge.
5.2.2.3.2 People
For the short to medium term, staff complement and staff skillsets for water-energy nexus jobs are
an ongoing concern. There are many projects proposed, and or ongoing at the BWA but the limited human
resources available are functioning in dual or even triple roles. More engineers are needed but hiring
restrictions will limit the number and frequency of recruitment activities. Staff are needed to drive
efficiency in the organization, and computer literacy training is needed to facilitate this. For example, to

92

prepare for the Standards of Service review by the FTC the BWA collects information manually. Some
clerical staff who do this job, are unable to manipulate this information in Excel spreadsheets, making it
difficult to complete certain tasks. Basic training in Microsoft word programs should be offered to staff
performing this and similar roles.
“There has been internal hemorrhaging of the Company, which needs to be
pulled back, and receive buy-in from the Unions as to where we are, and some
of the changes which may be needed. Some changes required may be
fundamental (e.g. renewable energy), which may call for a new set of skills,
such as engineering, IT skills which current staff may not possess. So questions
arise as to how to deal with current staff, ability to retrain staff, age of staff,
bringing in new skillsets, getting the Union on board, under the regulation of
the FTC, all in the absence of a Regulatory Section inside the Utility that is
interested in performance with customers outside.”
(BWA Board Representative)
Figure 5.21: Excerpt three (3) from the external management stakeholders’ interviews to the question “What
interventions are needed to enable the utility to provide safe, reliable and sustainable water and wastewater
services?
Improvement of union labor relations is needed to generate ideas and receive buy-in as the current
needs of staff changes to meet the utility’s evolving business focus. Implementation of renewable energy
projects will require fundamentally a new set of skills, such as engineering, and IT. Union bargaining and
advocacy is therefore needed to navigate issues such as the ability to retrain staff, age of staff, and bringing
in new skillsets while improving compliance with regulation from the FTC.
Communication by the regulatory section inside the utility is primarily focused on issues of
performance and customer engagement. The scope of these conversations need to change. There is need for
good communication with staff, contrary to the present environment. Generally, a weekly newsletter goes
out, but it should relate to what information is advertised in the media unknown to staff, so the staff need
to be briefed properly. This has to happen now, and it is a significant challenge trying to improve this
relationship with the 50+ staff who are averse to change. This is complex and difficult, however the BWA
can and must try.
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With respect to customers, their reports and complaints about not getting water for a week or two
impacts organization morale. Proactive engagement of customers to demonstrate that the BWA cares is
required. It is also necessary to work with households impacted by supply interruptions to promote
rainwater collection and use of storage tank systems.
5.2.2.3.3 Institutions (Governance)
“While chatting with internal BWA staff on preparing reports for the FTC
Standards of Service, it was noted that the BWA collects information manually,
whereas the Barbados Light and Power (BL&P) system is set up to do that for
you (automatically). IT/Engineering persons at the BL&P can design the system
and they have the funds to do so. There is no money at the BWA to attract IT
resources to help with this. It is therefore very challenging.”
(BWA Board Representative)
Figure 5.22: Excerpt four (4) from the external management stakeholders’ interviews to the question “What
interventions are needed to enable the utility to provide safe, reliable and sustainable water and wastewater
services?
The BWA needs to implement automatic data collection systems for some routine, and or ongoing
processes e.g. data collection for the annual FTC Standards of Service review. With little to no funds to
hire IT resources to assist with this job, collaborating with another agency on this task would be helpful.
Since, the BL&P has experience with FTC regulation, and resources to design such an automatic data
collection system, inter-agency cooperation for this task is a good opportunity to cultivate this relationship.
Further areas for cooperation at the Water-Energy Nexus are provision of technical guidance on BWA
becoming an independent power producer and potential pitfalls and opportunities for working with other
related agencies. For example, on the Government side, when applications for photovoltaics are submitted,
because this is something new, they can issue planning permissions fairly quickly. As the size of the projects
increase, the BWA will require additional training on preparation of these application documents and
completing the process.
Another concern and scope for technical cooperation, is the cost-effective manner in which licenses
for renewable energy are issued. Expensive and inefficient renewable technologies transfer costs to the end
user. If these technologies are allowed to come on the grid, BL&P is required to purchase this energy at the
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higher price. As the current largest energy customer of the BL&P, if the Government guarantees the BWA
40% of the renewables market, the BWA can utilize the market without necessarily looking at the leastcost solution. The technology chosen by the BWA needs to be efficient and implemented in a way that is
of benefit to Barbados. Mistakes in this process are expected, however, this is an excellent learning exercise
for all, with its growing pains, to develop technical expertise at the Water-Energy nexus in both
organizations. Also, at the Water-Energy nexus are cyber security issues. These risks are expected;
however, they are not treated with the intensity it deserves. Attracting resources to complete a thorough
system analysis is not easy.
A Committee on BWA Governance and Risk has been formed to establish a framework on how
some of these matters are to be approached over the long term. These discussions begin with the tone at the
top, determining what can be changed based on what has been happening over the last 20 years – coming
from the Board/the General Manager – to interactions with employees. The BWA organization culture
needs to change that culture, in conjunction with changes to external relationships. Loss of institutional
knowledge is evidenced by the Projects Department being run by a new crop of Engineers replacing recently
retired persons. To address this, the committee can broaden the scope of its’ work moving forward by
engaging equivalent companies in the Caribbean region such as the Water and Sewage Company Inc. in St.
Lucia, and the National Water Commission in Jamaica Water Company. This process can include a first
chat in order to understand or build up an understanding of the companies’ areas of cooperation, then
followed by a visit to see firsthand how their projects are run. This process would take a while, since there
is a massive undertaking, which likely cannot be resolved in 6 months. With reference to BWA climate
change projects, this is a massive number which cannot be undertaken all at once. There is the need to
know how to prioritize projects in the budget, and how to engage Central Government on those which
cannot be funded internally or from external funding agencies, because there are things that need to be
done. The committee is not at the point where it can speak in detail with external Institutions. However,
what it can do is emphasize that this is indeed a priority that will be informed by existing risks, as well as
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new emerging challenges based on changes in operations, e.g. renewable energy projects with its attendant
costs, savings and skillsets. This undertaking is really a complete package which will take time.

“Shared ownership or privatization of Water would be easier. There have been
expressions by private sector persons over the years that they would love to have
situations where they could be involved in the Water Authority. They however
would probably only come on board if they could control 51%.” (BWA Board
Representative)
Figure 5.23: Excerpt five (5) from the external management stakeholders’ interviews to the question “What
interventions are needed to enable the utility to provide safe, reliable and sustainable water and wastewater
services?
There is interest and scope for private sector financing in water service provision. Expressions of
interest by private companies have proposed majority ownerships (51%) arrangements. Less interest of this
nature has been proposed for the wastewater services. Privatization and or co-ownership of the water
service is a political decision and would not be considered easily. The challenge with the wastewater service
is that it requires significant sums (100s of millions) to be spent upfront for tertiary treatment upgrades to
the Bridgetown and South Coast Sewage Treatment Plants. A solution for financing these infrastructure
upgrades, and subsequent loan repayment has not been reached.
Some aspects of the BWA need to be privatized, but this would not be an easy political decision
(e.g. 65% by the Private Sector, with 35% by Government Pension Funds). This would however allow the
Utility to raise funds more easily and have easier access to other skillsets and capabilities. Invariably, also,
persons being sought to be major investors must have strong engineering backgrounds in Water or
Electricity to be beneficial to the Utility. If the private sector is seen as the provider of the water service, a
rate increase might be perceived as an increase in value of this product, especially if customers are able to
see the benefits of the change in ownership (i.e. you can get water every time you turn on the tap). This
would help counter/change the narrative that governments don’t have money to modernize the water
infrastructure therefor keeping unreliable service delivery as the status quo. However, Politicians may not
be willing to change this, but obtaining the money by other means to do this is limited as there are many
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other competing sectors that are in need, e.g. health, transportation, education (rundown schools). The
reality is that finances are just not available. With reference to the potential cycle of BWA non-compliance
with the FTC’s Standards of Service, it was believed that the regulator should charge the BWA which would
ultimately be paid by the government, and if this happens often enough, then this would hopefully
encourage a shift in government stance to considering privatization of some of the organization’s
operations.
5.2.3 Utility Workforce Perspectives
During July and August 2019, 144 BWA employees representing all 8 of the utility departments
responded to the survey (Appendix C). To identify BWA challenges and potential interventions, this section
presents results for employee answers to Questions on satisfaction with the water and wastewater services
and household coping strategies/water use practices (12, 13, 20 - 23), and institutional governance (14 - 16)
and physical system (17 – 19) priorities. Where applicable, summary tables of the results presented in this
section are provided in Appendix F.
5.2.3.1 Physical Systems
To Question 17, “What physical factors are most important for effective operation of the water and
wastewater system? (select 5 or write in your responses as "Other" if they are not in the list),” there were
127 responses (88.2%) which are summarized in Figure 5.24. The top five physical factors chosen were 1)
water source availability (ground, surface, rainwater) (19.8%), 2) equipment efficiency and energy
consumption (19.4%), fats, oils and grease disposal in the sewer network (14.8%), portable tools and
equipment availability (10.6%), and energy back-up (9.5%). The write in response for “Other” (0.9%) was
maintenance program. Although receiving a relatively small selection, this is the first time transportation
(2.4%) was identified as an issue in the chapter. Details on transportation provided in subsequent questions
referenced truck availability for field work crew, and water tankers for distribution during an emergency.
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Figure 5.24: Utility employee responses to Survey question 17, “What physical factors are most important
for effective operation of the water and wastewater system?” (n=127)
As a follow-up question about the improvements the BWA can make to the water system (Q18;
n=47), responses covered solutions from water source supply, production, distribution, and public education
for demand management. Some of these recommendations included:
•

development of additional water sources (boreholes, brackish and saltwater desalination,
wastewater reuse), and capture and infiltration of stormwater and rainwater runoff,

•

water quality monitoring

•

systematic change out of inferior plant and equipment with back-up electricity

•

redesign of the network as it relates to the transmission of water between the storage facilities
so that all water going into the network comes directly from the storage facilities, and limiting
pumping from lower to higher elevations

•

security of assets particularly wells and pumping station,

•

establishment of district metered areas to track water production and consumption,
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•

NRW management including a comprehensive mains replacement program especially in rural
districts, installation of dedicated transmission mains to reservoirs (improves pressure
management), and installation of additional meters to identify leaks in the mains

•

public education on water conservation.

Rainwater capture was a frequent suggestion, with one respondent recommending that “it should
be made mandatory for all water from roofs to be tracked”. Minimization of political interference, and
fundraising and staffing to support these projects, and operation and maintenance of the water system was
also recommended.
With respect to improvements for the wastewater system (Q19), 45 (31.3%) respondents
recommended the need for a new plant and upgrade of the systems to tertiary treatment plants, regular
preventative maintenance on the wastewater collection system and plant, public education on the treatment
process and what items should not be sent into the sewer. Regular inspections of homes, hotels and
businesses and consequent administration of “hefty” fines for persons inappropriately disposing of FOGs
in the sewer was another suggestion. With the introduction of the Garbage and Sewage Contribution (GSC)
collected by the BWA, respondents thought that “non-applicable” garbage taxes should be removed from
the water bill. Minimization of political interference, and fundraising and hiring requisite human resources
(environmental engineers) to support the wastewater collection and treatment services were also
recommended.
5.2.3.2 People
BWA employees are also customers of the utility and their satisfaction with the services they
receive (Q12) is summarized in Table 5.3. Response number to this question varied between n=134-141
and is provided in the last column of Table for the respective services evaluated. In general respondents
were satisfied with the quality of water supply (quality (95.0%), quantity (91.5%), pressure (83.7%) and
reliability (87.8%)), with the exception of the cost (60.3%). For persons who indicated that they receive the
wastewater service (~60%), satisfaction with this category was almost equally split among satisfied
(18.1%), neither satisfied nor dissatisfied (21.0%) and dissatisfied (18.8%). However, satisfaction
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significantly declined with respect to the cost of the wastewater service (8.9%). With reference to customer
relations, many respondents reported that they did not receive services in this category. Differences in
question interpretation could explain for this occurrence. However, for those indicating that they did receive
this service, the majority of respondents were dissatisfied with the quality of the customer relations (48.5%).
Satisfaction was <50%, for repair and replacement of faculty meters (17.0%), repair of leaks (33.6%) and
notification of planned interruptions (47.8%).
Table 5.3: Utility employee responses to Survey question 12, “How satisfied are you as a customer with
the following services provided by the BWA?”
Level of Satisfaction

Utility Service

Water Supply Quality
Water Supply Quantity
Water Supply Pressure
Water Supply Reliability
Water Supply Cost

Satisfied
%

95.0
91.5
83.7
87.8
60.3

Neither satisfied
nor dissatisfied
%
Water Service
3.5
5.0
7.1
5.8
12.5

Dissatisfied
%

I do not
receive this
service
from the
BWA
%

1.4
3.5
9.2
6.5
26.5

0.0
0.0
0.0
0.0
0.7

141
141
141
139
136

n

Wastewater Service
Sewage Disposal and
Treatment (Wastewater)
Wastewater Service Cost

18.1

21.0

18.8

42.0

138

8.9

25.9

25.2

40.0

135

Customer Relations
Customer Service
Repair/Replacement of Faulty
Meters
Repair of Leaks
Notification of Planned
Interruptions to Water Supply

41.2
17.0

8.8
36.3

48.5
27.4

1.5
19.3

136
135

33.6
47.8

20.1
15.7

26.1
20.9

20.1
15.7

134
134

100

Respondent recommendations for water, wastewater and customer relations service improvement
(Q13; n=14-22) are summarized below:
•

Water quality (n=22): regular testing at reservoirs supported by adequate equipment and
technology, flushing of mains, replacement of old degraded pipes, and protocols for cessation
of pumping when there is an increase in saline content or proper mixing to reduce saline content

•

Water quantity (n=18): active leak detection and repair program (reduce non-revenue water),
practice water conservation, invest in desalination plants,

•

Water pressure (n=18): correct pipe sizing based on area occupancy, installation of pressure
valves at customer installations, and implementation of a pressure management program with
full outlay of monitoring equipment and qualified personnel working on this and NRW
management and reduction

•

Water reliability (n=18): install alternative sources of power at pumping station to help limit
power, replace ageing mains, regular maintenance on key machinery and systems, complete
repairs and communication to the public in a timely manner

•

Water cost (n=14): review costing pricing methodology and where necessary conduct
feasibility studies on level of inefficiencies and determine whether the water supply is being
adequately priced relative to the level of cost injected to pump and deliver to the customer, and

•

Wastewater disposal and treatment (n= 14): upgrade all plants to tertiary level treatment, hire
staff for treatment plants, adequately size pumping capabilities, and explore reuse of treated
water for non-potable purposes

•

Wastewater cost (n=14): review service pricing methodology, reduce inefficiencies to
determine true cost, increase price for commercial customers, remove cost from water bill of
persons not connected to the system, share burden or cost for system improvement with the
entire population
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•

Customer service (n=19): human resources training, increase number of personnel to answer
calls, provide easily accessible information on technical issues and hands on training to service
representatives, reduce service response times, best in island so no improvements necessary,
introduce automated billing, and allow customers to enter meter reading for billing

•

Repair/Replacement of faulty meters (n=14): readily available supply of meters and
replacement parts, place meters in locations where they are unlikely to be damaged,
implementation of smart metering

•

Repair of leaks (n=16): better planning and coordination of repair works, resources availability
tom complete jobs, complete works according to standards and specifications

•

Notification of planned interruptions (n=14): use multiple communication channels (public
service announcements on television, radio, newspaper) and social media platforms, create a
BWA mobile app that provides persons with fast and reliable information

BWA employee household water use practices (Q20; n=68)) included strategies for water
conservation (48.5%), portable storage (in containers (52.9%) and water tanks (29.4%)), rainwater
harvesting (22.1%), cleaning of water storage receptacles (38.2%), water reuse (14.7%) and septic tank
maintenance (11.8%). The most common water use practice reported was leak detection (61.8%).
Many of the respondents agreed that climate change is affecting, or is going to affect the water and
wastewater infrastructure (Q21; n=57-63) with an increased risk of floods (57.4%), drought (72.6%), storm
and wind damage (67.2%), sea level rise (54.1%) and salt water intrusion (60.3%). A small number of
persons expected no impacts (8.5%) or did not know (12.3%) what climate impacts would occur.
The implication of this, is that persons are adapting at their home to the experienced, and or
expected impacts of climate change on the water system (Q22, n=50) by investing in potable water storage,
rainwater harvesting to reduce potable water use for non-potable purposes (e.g. toilet flushing, washing car
and yard), adding chlorine bleach to rainwater when used for drinking, surface run-off recapture, investment
in technology that permits reuse, and conversation fixtures. Survey respondents also indicated that the BWA

102

could help them build climate resilience of their water resources at home (Q23; n=43) by installing more
community tank systems, funding household tank systems via the Personal Tank Program, encouraging the
use of rainwater especially in droughts, raising public awareness on these issues and providing educational
information on strategies individuals can use to help themselves.
5.2.3.3 Institutions (Governance)
Receiving more than 60% of the selections, the top six priorities chosen for areas most important
for how the BWA is managed (Q14, n=141) are: 1) human resources recruitment, retention and training
(16.3%), 2) occupation safety and health (15.2%), 3) fundraising: capital investment and maintenance
(12.3%), 4) customer service, (5) non-revenue water management, and wastewater management (9.8%).
Strategic planning and implementation placed just outside of the top 6 priorities representing 7.2% of the
selections, however this category received the most recommendations for improvement. The remaining
management areas selected (<20%) in order of popularity included financial management (5.6%), asset
management (4.6%), information management systems (3.8%), climate planning (1.1%), legal and
regulatory compliance (0.5%), and other (0.5%). The category other included “utility leadership and
implementation of actions proposed. A summary of this ranking is provided in Figure 5.25.
Employees provided recommendations for how all of these BWA management areas can be
improved (Q15; n=<25); with the exception of fundraising for capital investment and maintenance,
information management systems and legal and regulatory compliance. In order of priority chosen, these
recommendations are summarized below:
1. Human resources recruitment, retention, and training: prioritize hiring and broad-based training
for multi-skilled positions, provide better salaries and communicate with workers as humans
since they are the most important in the organization
2. Occupation safety and health: inform staff of safety procedures and offer relevant training,
provide safety equipment, and ensure their use, update safety procedures to international best
practices
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3. Customer service: timely and emphatic responses to customer woes, provide online platform
to check bill balances so that call representatives can use the phone to answer more pressing
matters
4.

Non-revenue water management: increase department efficiency, provide access to necessary
equipment and software, and employ technical staff who can use software and analyze data

5. Wastewater management: collaborate with other regional and international agencies so that the
Authority can benefit from modern infrastructure and techniques
6. Strategic planning and implementation: develop a plan that can be implemented regarding
business continuity practices that would incorporate operational procedures and emergency and
disaster measures and contingencies; implement job analysis forms and conduct job analysis
surveys; create dedicated teams working in tandem with the various departments to create and
execute plans; mainstream climate planning and adjust strategies as required so that the
Authority is more prepared to respond; prioritize succession planning, training and
communication
7. Financial management: revise tariff, introduce costing and investment element in the financial
structure, create lasting partnerships with suppliers by providing timely contract payments,
increase transparency and accountability
8. Asset management: scheduled a preventative maintenance program with life-cycle
management, employ staff with GIS and procurement knowledge, know state of assets in field,
and use knowledgeable staff to receive inventory from the stores to ensure correct items are
collected. There also needs to better communication about the disposal, transfer and purchase
of assets for the BWA; when an asset is put into use, when it is functioning at full capacity; and
official communication should be sent to the Accounts Department where the fixed asset
register is updated.
9. Industrial/Union relations: create better synergy between workers and management in the
organization, stick to agreements that are made, and be politics free
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10. Climate planning: development of short, medium and long-term planning to mitigate the
impacts of climate change; and implement an awareness raising campaign for relevant
stakeholders

Figure 5.25: Utility employee responses to Survey question 14, “What areas of BWA management are most
important for effective operation of the water and wastewater system?” (n=141)
Factors external to the BWA that make the water and wastewater system more or less resilient
(Q16;n=38), included climate change (e.g. rain intensity and frequency making working conditions
unsafe), procurement options, politics, collaboration with other agencies, customer use of sewage system,
electricity unreliability, union pressure, employee safety due to threats in and field by customers, and
climate change.
5.3 Planning for Resilience: The Transition from Challenge to Intervention
In Section 5.2, the three stakeholder groups described their perceived challenge and intervention
pathways. Due to their interconnectedness, these pathways have strengths and weaknesses, and synergies
and tradeoffs. However, the best path forward will require joint consideration of each groups’ concerns,
and optimization which may occur over different timescales (short, medium, and long term). To transition
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to safe, reliable, sustainable and resilient water and wastewater services at the BWA, will require that
system’s resilience planning and adaptive capacities are leveraged. Recommendations that are supported
by current BWA systems will be easier to operationalize, while others will require intentional planning and
action/implementation to change the infrastructure system. With reference to the socio-technical system
components, the interconnectedness of the proposed interventions are discussed in the context of existing
plans and practices at the BWA. Some of these plans include the BWA Strategic Plan (2016-2021), Risk
Assessment (2019), and the Emergency Response and Preparedness Plan (2020). Where relevant additional
water sector literature is referenced to provide other factors for consideration that accelerate or retard the
transition from intervention plan to action.
This discussion is presented in the following eighteen (18) points.
1. A maintenance program for the existing water and wastewater systems was a shared
recommendation from all stakeholder groups. There is need to know the location and state of
assets in the field, as well as systematic communication about the purchase, date of first use,
functioning capacity, transfer between sites, and disposal of assets. This information is housed
in the Accounts Department where the fixed asset register is updated. This information could
then be used to schedule a preventative maintenance program with informed forecasting for
life-cycle management, and creation of standard operating procedures (SOPs) to facilitate
consistent programming. The placement of assets in compromised or dilapidated buildings was
another concern highlighted by BWA management that needs to be fixed.
2. Another shared recommendation was priority replacement/redundant equipment and material
purchases include pumping equipment, generators, meter parts, plumbing materials, potable
tools and equipment (including for cleaning the sewer network) and safety equipment and
gears. Timely contract payments to suppliers enables consistent procurement of these items.
To reduce the cost of upgrades to equipment and technology software, initial purchases should
prioritize products that allow for add on features vs requiring the need for brand new items.
The last BWA Risk Assessment was completed in October 2019. Level 1 of this Risk
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Assessment involved identifying the risks to the BWA, and evaluating how effectively the risks
are being managed. This document identified similar security concerns and maintenance
program needs. It has recommended that SOPs and contingency plans be created for asset
monitoring and maintenance planning. The recommendation further states that the SOPs need
to be created in a collaborative and participatory process to benefit from more expertise and
scrutiny. This makes acceptance of the SOPs less of a command and more of an agreement.
3. Water supply augmentation is another overlapping suggestion for improvement of the BWA
physical systems by BWA management, the union, and utility employees. To further increase
supply investment in brackish or saltwater water desalination plants, developing boreholes,
wastewater reuse, and capture and infiltration of stormwater and rainwater runoff were
suggested. The BWA’s Strategic Plan (2016 to 2021) includes development of new wells and
boreholes, and has proposed engaging in partnerships for the purchase of water from additional
desalination plants. Progress on borehole development is ongoing in the North of the island.
This is expected to reduce instances of well over abstraction and saltwater intrusion.
Conversely, financial constraints have stymied commitments to desal beyond their inclusion in
this document. A Government of Barbados Draft Wastewater Reuse Policy was created in 2018
and proposed guidelines for irrigation reuse e.g. golf courses. This policy is yet to be adopted.
An internal project at the BWA is currently field testing a methodology for capture and
infiltration of stormwater and rainwater runoff. If proven successful, accessing funding would
be the next step to develop this idea.
4. Water resources availability in Barbados are expected to be impacted by short and long term
drought conditions (Caribbean Regional Climate Center 2020). Drought conditions result from
changes in weather patterns that decrease precipitation levels below normal conditions thereby
leading to water supply shortages. When these changes in precipitation last a short time e.g. a
few weeks to months, it is called short term drought. Conversely, the drought is considered to
be long term when changes resulting in decreased precipitation levels last several months to
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years. The slow-moving consequences of long term gradual reductions in precipitation are
associated with climate change, and this is predicted for Barbados (Pulwarty, Nurse and Trotz
2010). Drought combined with sea level rise and over-abstraction of groundwater wells, will
lower the water table and lead to saltwater intrusion, and contamination of groundwater. While
that scenario is considered for longer term climate change impacts, groundwater wells in the
north of the island are already having challenges with high salinity levels. Water quality
deterioration due to the increase in chloride levels impacts water aesthetics (taste) and
contributes to corrosion of water infrastructure (Muylwyk, Sandvig and Snoeyink 2014).
Strategies to build resilience to drought and the climate-induced effects of drought on water
quality often focus on conservation, water supply demand forecasting, accumulating storage,
supply diversification, and implementing drought and water shortage contingency plans (Díaz,
Morley and Yeh 2017).
5. Community and domestic potable water storage and rainwater harvesting (RWH) were two
other water resources management strategies recommended by the BWA Board, management
and employees and the FTC. The BWA has ongoing and proposed projects in these areas
supported by the BWA’s internal budget, and the Water Sector Resilience Nexus for
Sustainability in Barbados (WSRN S-Barbados) Project. The WSRN Project co-financed by
the Green Climate Fund Increase will also support increasing potable water storage at schools,
polyclinics, community centers and the Queen Elizabeth Hospital. Domestic and small-scale
agriculture rainwater harvesting sites are also proposed. Chapter six discusses the Personal
Tank Program implemented by the BWA to respond to a combination of drought, and the
deterioration of the water supply system that resulted in water supply to certain communities
being restricted. This near term solution to these drought conditions and system failures, also
provides some level of household storage in the event of a sudden disruption like a natural
hazard (e.g. storm). In projects supported by grant funding, long term commitment to these
initiatives is not guaranteed. Commercial RWH feasibility has been demonstrated in Barbados
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(Hutchinson 2010). Potable storage and rainwater harvesting are at risk for being mosquito
breeding sites. An education strategy is needed on best practices for system construction and
use, and a monitoring program for water quality testing and mosquito breeding for these
community and household systems. The strategy developed should align with
recommendations from the Environmental Protection Department and the Environmental
Health Department guidelines.
6. Also, in the Strategic Plan, and in alignment with BWA management, employees and union
recommendations is intention to upgrade the South Coast and Bridgetown wastewater plants to
tertiary treatment levels. However, with preliminary estimates of at least USD 100M for these
upgrades, access to funding has limited progress towards this goal.

Interviewees also

recommended public education for behavior change on improper disposal of FOGs and rags to
the wastewater system by commercial and household users. In addition to internal BWA
resources for this, the 3R-CReWS Project (Reduce, Reuse, Recycle for Climate Resilient Water
Systems in Barbados) has feasibility studies underway through Green Climate Funds awarded
to the Caribbean Community Climate Change Center (5Cs).
7. Other capital improvement projects recommended by all groups included were mains
replacement and integration of renewable energy at BWA facilities. Mains replacement is
currently being funded from internal budget and external grant and loan sources. The
compressive mains replacement program recommended would fall under a larger non-revenue
water (NRW) strategy. In 2019, the BWA completed this strategy which aims to reduce NRW
to 23% of input volume over a five-year period. This accomplishment is planned via a
combination of mains replacement, pressure management, installation of production, domestic,
and commercial system meters, and establishment of district metered areas. Development of a
hydraulic model for the distribution system would also assist with pressure management by
optimizing pipe sizes in the network and identifying weak links. Funding for the hydraulic
model is pending.
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8.

To reduce non-renewable energy demand and high associated costs (~USD 0.28 per kilowatthour and monthly fluctuating fuel charges), the BWA has ongoing and completed renewable
energy (RE) projects including a 500kW ground mounted solar photovoltaic farm on 1.5 acres
of land adjacent to the Bowmanston pumping station, a 350kW solar photovoltaic carport at
the Bridgetown sewage treatment plant. The WSRN S-Barbados adds to that capacity with and
6.5 MW Solar PV combined with Gas Turbines. With increased RE installed capacity, and
regulation that permits sale of energy to the electricity grid, the BWA will be categorized as an
independent power producer. Additionally, with a Government of Barbados announcement of
their intent to guarantee the BWA access of up to 40% of the renewable energy market, this
means that the utility’s core business would then shift to include water, wastewater and energy.

9. The utility and external management stakeholders identified mainstreaming climate planning
in infrastructure development as a priority. This is achieved for some BWA infrastructure
activities and not others. For example, climate resilience assessments, design and
implementation plans are required for externally funded (Inter-American Development Bank,
Green Climate Fund) BWA projects. Capacity building and technical support for climate
planning is gained through on the job training during project development with guidance from
international consultants. Additionally, technical expertise and capacity building tools are
available via the Caribbean Development Bank, the Caribbean Institute for Meteorology and
Hydrology and the 5Cs. The BWA’s water vulnerability to natural disasters (incl. climate
impacts) was considered in the 2019 Risk Assessment, and the recommendation was for these
impacts to be addressed in the utility’s Emergency Management Plan. A review of this
document has found that although it states that the procedures described are applicable to
emergency situations including, and not limited to industrial action, major water or sewage
main bursts, and damage due to effects of natural or manmade disaster, the plan
overwhelmingly focuses on hurricane/storm preparedness versus things like drought or sea
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level rise/saltwater intrusion. At this stage, the design of BWA infrastructure to withstand
climate impacts is externally driven.
10. Introduction of additional Wi-Fi enabled devices (RE technologies and SCADA system) to the
BWA’s assets opens the utility to cyber security threats. The BWA has limited resources and
experienced personnel to complete a cyber risk analysis and response plan. However, their
participation in a national cyber security task force is providing some guidance and support for
what basic protective measures can be taken. In the 2019 State of the Water Industry report,
cyber security issues ranked 17 of the top 30 issues facing the water sector (AWWA 2019). In
compliance with the American Water Infrastructure Act, cyber security vulnerability must be
included in the water system risk and resilience assessments. To provide utilities with guidance
on this topic, the American Water Works Association has released a Cyber Security Guide for
Water Utilities and case tool. The BWA can use these resources to identify and reduce cyber
vulnerabilities.
11. Human resources recruitment, retention and training was another intervention endorsed by
multiple stakeholders. Unless an employee is hired for a technical role, a current gap in the
onboarding process and continuous on the job training is foundational knowledge on the water
and wastewater system operation. A lack of this knowledge impacts employee’s abilities to see
how their job supports overall BWA operations, and their overall commitment and sense of
belonging to the organization. Knowledge about the water and wastewater infrastructure
system chronic and acute stressors, nature of failures, and routine and longer-term intervention
plans would be useful employee information especially for customer service representatives
who can be better informed to address customer queries.
12. Broad-based skills recruitment and cross-training is ongoing and proposed to increase multifunctional roles across departments. Training in operations safety and health, project
management for all management staff and the creation of programs with the Technical &
Vocational Education and Training Council are possible under the current BWA Human
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Resources Development (HRD) Plan. Other specialized training needs suggested by the
stakeholders and not explicitly included in this plan are procurement and risk management.
Individual BWA departments with this expertise would be responsible for coordinating with
the human resources departments to conduct these internal training sessions. For example, the
Legal and Regulatory Compliance Department has hosted workshops with staff to increase
knowledge and improve practices around incident/accident investigating and reporting. A
widening skills gap in the organization is at technical expertise at the water-energy nexus. With
the proposed installation of additional RE generation capacity at BWA facilities there is need
to recruit and retrain additional staff to work on these systems. Duplication of staff assignments
on multiple projects leaves this critical area under resourced. The HRD Plan needs to be
updated to reflect the increasing role of Water-Energy nexus jobs at the BWA. Succession
Planning was another expressed need that aligns with BWA plans. In the BWA risk assessment,
it received the second highest score with seven (7) departments reporting 100% exposure from
this risk. The outcome of this is that departments have been asked to work with HR to develop
these plans, which will feed into the creation of the HR succession planning system.
13. Job security was a concern expressed by the Union and BWA employees. In the context of staff
cuts as required by the BERT Program, reduction in overtime was a cost cutting measure
proposed by the Union to hopefully assist with saving more jobs. Reduction in overtime is a
BWA strategy that has been proposed for many years, however, follow through on this has
been absent. Emergency repair needs and understaffing in some areas has facilitated the
continuation of this practice. Another suggestion for retaining and compensating employees
was the contracting of BWA staff for new job opportunities beyond the meter including
household plumbing to fix leaks. The BWA Act and Strategic Plan do not make provision for
services beyond the meter. This would need to be a topic for in depth consultations to determine
feasibility of this recommendation.
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14. Customer engagement recommendations included information sharing by the BWA on planned
interruptions, online review of bills, engaging general knowledge on the water system, rationale
for the shared responsibility for the Garbage and Sewage Contribution, and best practices on
water conservation, potable storage and rainwater harvesting. The BWA has protocols in place
for customer engagement via multiple media platforms, with the introduction of social media
as core strategy starting in 2018. Content for these platforms would need to be developed in
conjunction with the Marketing and Communications department. Currently plans and or funds
for development of an application to view bill statements, and/or general information is not in
place. The WSRN S-Barbados project however does have rebuilding of an interactive website
as a project output. These recommendations can be streamlined into this project deliverable.
The recommendation for BWA discussions/engagement with public advocacy groups is not a
typical practice. However, during the wastewater crises the engineering community was
consulted regularly, while the general public was updated on progress with the issue. Deliberate
stakeholder dialogue and not merely information dissemination is an evolving area for the
BWA, and this will require mediation of conflicting water uses and discussions on equitable
service provisions (Cashman 2012). This particular focus takes an integrated water resources
management approach to water service provision that is not currently the standard practice, but
is earmarked for consideration under the development of the BWA Water Master Plan, another
deliverable of the WSRN S-Barbados Project.
15. Change Management for organization culture on Leadership and Governance of the BWA is a
priority for setting relevant institutional priorities and achieving them. As referenced by the
BWA Board representative, The creation and activation of the BWA Committee on
Governance and Risk is expected address these concerns and inform creation of the utility
change management strategy that addresses negative practices and facilitates more constructive
relationships between management and employees, and management and the union. The
Committee’s goal is to ultimately become a Task Force that will establish a framework for
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operation on issues including: loss of institutional knowledge by staff termination and
retirement, inter-agency partnerships for technical cooperation in the areas of water,
wastewater and energy production, projects prioritization and fund raising and financial
forecasting and planning.
16. Financing BWA operations and capital improvements of the water and wastewater systems will
require an improvement in utility financial practices, which influence perceived transparency
and accountability and the level of funding access from public, private, donor agency and
bilateral country grants and loans. The Finance department is presently creating a budgeting
and forecasting process to determine the financial status of the utility. Accounting practices
also need to be updated to reflect the true cost of capital, including assets on which principal
and interest payments are being paid for by a 3rd party. Recommendations for a rate review
remains outstanding until these processes are put in place to identify existing inefficiencies and
inconsistencies with the water and wastewater cost pricing models. Evaluations of feasibility
of privatization and or co-ownership of utility operations and services is also needed.
17. Compliance with the FTC Standards of Service is a significant risk and priority for the BWA
for now and in the future. The BWA received a subpar assessment in their 2018 Analysis of
Performance against FTC 2018-2020 Standards failing to meet identified targets (FTC 2019).
Performance improvements in the second quarter regressed in the third and final quarter, and
were attributed to absence of funds which resulted in shortages of material and critical
equipment. Additionally, the BERT Program retrenchment activities impacted staff, some of
whom were integral to operational and reporting processes. External Management Interviewees
and the BWA Risk Assessment have also found that ‘the lack of automation’ of reporting
processes is a major risk to future non-compliance. Lack of automation was ranked fourth in
the BWA’s risk exposure list.
18. A clear vision grounded in organization consultation and supported employee buy-in will
facilitate development of a Strategic Plan that is reflective of the BWA’s existing and future
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priorities. The current strategic plan needs to be updated to reflect the anticipated addition of
energy production as core business service, and associated changes in HR requirements for
water-energy nexus jobs. Additionally, IT needs to be a priority focus in the next iteration of
this document. The approach to stakeholder engagement on integrated water resources
management issues, and community and household water storage and use practices are also
explicit additions to the plan. The development of a Business Continuity Plan to support
strategic planning is also required. The Business Continuity Plan is earmarked for creation after
completion of Level 2 of the Risk Assessment which is the Business Impact Analysis. The
strategic plan will also help to prioritize utility resources applied in pursuit of >130 ongoing or
proposed activities in the projects pipeline, and update procurement processes to limit delays
and contracts with ill qualified tenders. Projects remain a critical pathway for achievement of
the BWA’s strategic goals.
5.4 Summary and Conclusions
This chapter provided utility management, external stakeholder management and utility employee
perspectives on “BWA challenges and interventions required to provide safe, reliable and sustainable water
and wastewater services.” The challenges and interventions identified were characterized and discussed
within the context of the socio-technical system components - physical systems, people (workforce and
customers) and institutions.
Shared challenges across the stakeholder groups included water supply scarcity, spare equipment
availability, non-revenue water, staff complement and required skillsets, customer engagement, tariff
sustainability and budget constraints. Consequent priority interventions included capital improvement
projects, maintenance program, water supply augmentation, workforce training, succession planning,
leadership and governance, inter-agency partnerships, water-energy nexus company opportunities,
regulatory compliance, and utility financial operations. Unique group intervention perspectives included
the Union’s representative recommendation for creation of new business services for the utility using
existing employee skillsets that are not currently use in their job description e.g. household plumbing for
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fixing leaks beyond the meter. The Regulator suggestion of creation of an enabling environment for public
advocacy group to be engaged in discussions on water resources management.
To plan for the transition to safe, reliable, sustainable and resilient water and wastewater services
at the BWA requires that system resilience planning and adaptive capacities are leveraged. The identified
infrastructure system challenges and proposed interventions were therefore analyzed in the context of utility
strategic plans and current practices. This provided a preliminary evaluation of the feasibility of
interventions recommended and identified opportunities for changes and creation of utility new plans and
practices.
Eighteen (18) points discussed for consideration in the transition to safe, reliable, sustainable and
resilient water and wastewater services included: the need for an asset life cycle maintenance program,
replacement of equipment and materials, water supply augmentation, wastewater system upgrades and
public education for behavior change on sewage system use, community and domestic potable storage and
rainwater harvesting, capital improvement projects including mains replacement, renewable energy
projects, climate planning and cybersecurity risk of utility infrastructure, human resources recruitment,
retention and training, customer engagement , leadership and governance of risk, financial planning,
compliance with FTC standards of service and strategic planning.
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Chapter 6: Operationalizing Resilience with the Personal Tank Program3

6.1 Introduction
This chapter presents results and discussion for Objective 2, “Develop a framework to guide
planning and implementation of the Barbados Water Authority Personal Tank Program (BWA PTP).” This
chapter identifies socio-technical factors that influence program execution, participation and adoption of
domestic potable water storage systems (RQ 2.1), and proposes interventions needed to improve the BWA’s
delivery of this service (RQ 2.2). The BWA PTP is being used as a case study to demonstrate how a utility
can operationalize resilient water services beyond the meter, at the household level. By documenting the
experiences of three (3) key stakeholder groups (utility, private sector, service user), the socio-technical
transitions identified describe the pathway for moving from resilience plans to action.
To describe this utility approach to building resilient water services, the chapter is organized in four
sections as follows: Section 6.2 presents an overview of the BWA’s experience with execution of the PTP.
To provide an overview of the program management process, and create a profile of program participants,
it synthesizes the results from the technology adoption interviews with utility staff and contractors, and
service-user observation during system installation (Task 2A), and the GIS Database created from the PTP
documentation review (Task 2B). Section 6.3 presents the service-user experience with the technology
adoption process. It analyzes participant reports (complaints) to the utility, summarizes solutions
implemented, and links them to the GIS database to track and document technology performance
improvements (Task 2C). Section 6.4 describes the role, challenges and opportunities of public-private
partnerships in the development of stakeholder engaged, and demand driven policies for program delivery

3

Sections of this chapter have been previously published in the American Society of Civil Engineers (ASCE) World
Environmental and Water Resources Congress 2019: Emerging and Innovative Technologies and International
Perspectives, and have been reproduced here with minor revisions with permission from the ASCE (Appendix I)
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and expansion. It combines feedback from the private sector experience with program implementation from
the practitioner workshop (Task 2D), and documents program and technology life cycle-costs (Task 2E) to
build consensus on technology design and program management improvements.
Section 6.5 synthesizes the BWA PTP experiences described in the previous sections (utility,
service-user, private sector), and combines that synthesis with theory on socio-technical transitions to
describe barriers to, and success factors for program delivery. It also provides recommendations for utility
policy and practice that can accelerate island wide investment in potable domestic storage. These barriers
and success factors are used to inform and propose design principles that will embed resilience in the BWA
PTP’s management and operation. A framework informed by this discussion is then proposed to guide
planning and implementation of the BWA PTP as a water utility service that builds resilience to supply
interruptions, by ensuring households in Barbados have access to water while the supply is being restored.
The chapter ends with Section 6.6, a summary of main findings with conclusions.
6.2 Utility Experience with Program Implementation
6.2.1 Program Evolution and Status
In October 2016, the Barbados Water Authority (BWA) established a Rapid Response Unit (RRU)
1) to complete emergency repairs of burst mains and pipes, and 2) to temporarily dispatch tankers to provide
water to affected areas. Ongoing drought conditions (1 in 96-year event) and leaks (900 – 1500 per month
primarily in 4” pipes) in the aged water infrastructure contributed to these supply interruptions. While
trucking water to the affected communities, members of the RRU noticed that water collection was
inefficient, or containers used were potentially unsafe. Many persons used small polyethylene terephthalate
(PET) bottles (< 5 gallons), or repurposed chemical storage bottles. Additionally, elderly or disabled
members of these communities required assistance to take the water into their homes. In response to these
observations, the BWA distributed collapsible 5 gallon containers, and 50 high-density polyethylene
(HPDE) 400 gallon (1.5 m3) tank systems free of cost to vulnerable persons in these communities. Criteria
for determining vulnerability included number of children or elderly persons in the households, presence
of persons with physical or cognitive disabilities, and household income. These receptacles were distributed
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in the parishes of St. Peter, St. Andrew, St. John, St. Thomas, and St. Joseph which were most impacted by
the potable supply interruptions. The tank installation includes a 0.6 HP pump, concrete base, and plumbing
fittings (Figure 6.1).

Figure 6.1: Four (4) domestic potable water storage tank systems installed by the Barbados Water
Authority Personal Tank Program.
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Leveraging the institutional experience gained during this crisis, and public-private partnerships
developed for system procurement and installation, the BWA PTP launched in July 2017 to provide
qualifying low-income households with a water storage tank system for BBD 4,800 (USD 2,400) as a 5–
year interest-free hire purchase agreement. This purchase price is discounted by BBD 1600 since the utility
paid the contractor BBD 6,400 (USD 3,200) per system installed and maintained. The program has a target
distribution of 605 systems, and is responsible for the post-installation service support of the free and
purchased tank systems. The BWA PTP is a customer assistance program designed to build resilience of
household water storage and access to potable supply service interruptions. While the utility service is being
restored, as a back-up supply, the system is designed to provide a family of 4 with water for 2 days based
on 50 gallons per person daily use. The BWA PTP also provides follow-up support services for repair and
replacement of system components under warranty.
As of August 2019, 305 tank systems (51 free and 254 purchased) were installed across the island.
Figure 6.2 shows a plot of the free (green) and purchased (blue) tank systems installed. The PTP documents
reviewed provided address information for 286 of the 305 systems to be mapped. More than half of the
tanks (199 or 65.2%) are installed in the parishes of Christ Church (54), St. James (41), St. Philip (40), St.
Peter (33) and St. Michael (31). Four of the parishes (St. Joseph (27), St Thomas (25), St. John (24), St.
Andrew (9) that were impacted by frequent supply interruptions (identified in pink), and that were the
original target locations for system deployment only account for 90 (29.6%)

of the installations.

Investigations into the reasons for lower than anticipated applications revealed that as a coping strategy,
many residents in these parishes had already installed their own potable water storage systems. The
community of Hillaby that borders the parishes of St. Thomas and St. Andrew has historically encountered
supply interruptions, and as such raised potable water storage systems that depend on gravity for supply
into the house, can be seen installed at almost every household.
Recorded household occupancy ranged from 1 to 6 persons, with the majority (227 or 74.4%)
having at least 4 persons. Only 1 system was deployed at an office space. Most program participants
identified as property owners (247 or 81.0%) vs tenants (7 or 2.3%). There were 41 (13.4%) participants
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that identified as pensioners, and 7 (2.3%) as BWA staff. The PTP documentation did not capture data on
households with persons with a disability, and in some cases it did not include enough address information
to verify system geo-location (19 or 6.2%), household occupancy (52 or 17.0%), and type of occupancy
(51 or 16.7%). All descriptive statistics quoted in this chapter are based on program numbers from August
2019. A breakdown of the tank installations by parish and service-user profiles can be found in Appendix
G.

Figure 6.2: Barbados Water Authority Personal Tank Program System Installation by Parish (August
2019)
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Figure 6.3: Barbados Water Authority Personal Tank Program System Operational Status (August 2019)
Of the systems installed 285 (93.4%) are operational and 20 (6.6%) are non-operational (Figure
6.3). Of the 20 non-operational systems the majority (18) were obtained free by program participants. The
main reason that many of the systems that were free and also non-operational was due to the service-user’s
inability to afford to complete the electrical, and or plumbing connection for the system. Application
materials for the 51 free systems (16.7% of total installed) did not document annual household income,
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however the staff have indicated that many of these were minimum wage earners BBD 6.25 per hour (BBD
13,000 per year). The PTP participant annual income distribution is as follows: 30 (9.8%) <BBD 20,000,
98 (32.8%) BBD 20,001 - 50,000, 86 (28.2%) BBD 50,001 – 100,000, 28 (8.5%) >BBD 100,000, and 65
(21.3%) unknown. For the 3 years of program operation, the PTP installed 106 (34.7%) systems in 2017,
194 (63.6%) in 2018 and 5 in (1.6%) in 2019. In February 2019, the PTP was temporarily placed on hold
pending the outcome of ongoing litigation with the PTP private partner (contractor) on a different service
contract with the utility. The BWA staff continue to provide customer post-installation support services,
but no new installations are being pursued. There is ongoing interest in the PTP with at least 15 applications
in queue for program enrollment.
6.2.2 Program Management
The PTP is located in the Marketing & Communications Department at the BWA. This program
was originally supported by 10 staff operating in roles of supervisory, marketing and public relations (2),
accounting (1), administrative (3), information system management (1), field operations (3). Following
utility retrenchment activities in 2018 and 2019 as a part of the Barbados Economic Recovery and
Transformation (BERT) Program, the staff were reduced to 6 persons: 1 supervisor, 1 marketing, 1
accounting, 1 administrator, and 2 field staff who are also co-assigned to other departments.
The technology adoption process requires participation from the utility, service-user and private
sector contractor. The time from Program Application to the BWA Final Inspection and System Approval
is expected to take 3 weeks (Figure 6.4), however, this process has experienced delays (in some instances
more than a year) due to incomplete or incorrect fulfilment of customer pre-installation requirements
(Isaacs, Cadogan & Trotz 2019). Incomplete requirements are often due to the service-users’ inability to
identify a competent and qualified electrician or plumber, or their inability to afford the plumbing and
electrical works that cost approximately BBD 500 (USD 250); advertising materials used for the BWA PTP
only include the cost for the water tank systems and that is BBD 4800 (US 2400).
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Project Advertising - PTP
will be advertised to the
public via social media,
Televison, Radio and
Newspaper.

Service-User Application Potential customer will visit
the BWA Headquarters to fill
out the application.

BWA Inspection - After
customer applies, field
officers will contact them to
arrange the inspection

Approval for Installation After reviewing the
information that has gathered,
customers will be chosen.

Contrator Inspection - The
approved customer names
will then to passed to the
selected contractor for them
to conduct their own
inspection.

Service-User
Pre-Installation
Requirements plumbing and electrical work
completed

Contractor Installation After the contractor is
satisfied, customer
requirements are complete,
the system will then be
installed.

Customer Signing of
Agreement - After
everything has been verified,
the customer will then visit
the headquarters again to sign
the financial agreement.

Submission of Completion
Form - The contractor will
submit their completion form
signing off that the system was
installed as per the
specifications.

BWA Final Inspection After the selected contractor
submits their completion
form, the fields officers will
visit the locations to verify.

Post-System Installation
Services - The contractor and
BWA document and respond
to customer requests for
system maintenacne

Figure 6.4: Work process for the system installations via the Barbados Water Authority Personal Tank
Program (adapted from the BWA PTP Draft Operating Manual)
Incorrect requirements usually mean that program participants have either not provided the 20 Amp
breaker in their main electrical panel, or they installed the wrong power supply (220V instead of 110V). In
response to these challenges the utility has recommended contractors to program participants. Additionally,
changes to the applicant contact during system installation has resulted in breakdowns in communication
and inconsistent knowledge transfer about the technology adoption process. To streamline communication
and engagement, the BWA on average has assigned 1 of 3 field agents per application, with a case load of
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133, 103 and 66 per agent (6 assignments unknown/undocumented). Participants interacting with multiple
field officers occurred in only 5 instances.
To reduce program delays, the contractor installed some tank systems prior to completion of the
Service User Pre-Installation Requirements. When the systems are turned on for the first time without
contractor oversight and training, this has resulted in pump burnout as the customers had installed incorrect
power supplies. In one instance, the Barbados Fair Trading Commission (FTC), the local utilities regulator,
required the BWA to replace the customer’s pump although the customer’s incorrect installation and selfdirected system startup was the cause of the malfunction. Although the FTC does not have standards of
service for the BWA PTP, they can be expected to arbitrate on any future disputes that may arise.
Service-users have another opportunity for expert system startup and training by the BWA’s staff
during Post-System Installation inspections. The risk of compromised water quality is high when the system
is used before the relevant training in system use has been completed. Currently, training is limited to a
verbal communication of valve positioning for system operation in flow-through mode, a discussion on
how the water quality degrades if left stagnant, advice to clean the tank every 3-6 months, and suggestions
for inclusion of a filter before the water gets to the tank that should be changed based on manufacturer
recommendation, and/or every 6 months.
A challenge has arisen as to when billing and warranties for the system should take effect if installed
systems aren’t approved by the BWA due to incomplete or incorrect requirements. Some customers believe
that if the system is non-operational, then they should not be billed. The Utility’s rate of recoveries for
system cost is slow if a customer is not billed, but a system is installed at the applicant’s address. Only 16
(6.2%) of the purchased systems have been paid in full. Ongoing payment options include: 1) installments
of BBD 80 per month for 5 years, 2) BWA employees debit the monthly payment from their salaries, and
3) lump sum credits (> the monthly installment e.g. BBD 500) to accounts at various frequencies until full
system repayment. According to the service-user contract agreement terms and conditions, the applicant is
responsible for all vandalism, damage, destruction and theft to the water storage tank system once it is
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installed. Financing for the BWA PTP is structured to work as a revolving fund where recoveries from
system payments are used to fund future installations.
Once the system is approved, service-users must make payments in person at the BWA’s
headquarters on or before the 28th day of each month. Program participants cannot use Online of SurePay
payment options since the program’s accounting and billing system are not integrated with the BWA
customer information management system. Pensioners have expressed difficulty in adhering to this
payment process due to the timing of the availability of their funds, and the travel distance. The creation of
a separate accounting and billing system for the BWA PTP slowed the bill dissemination process. The
processes required for monitoring payments and automatic notification of default customers are not yet
established. Logistics for collections from persons in arrears are also absent and uncertain. Whereas water
can be disconnected, repossession and reinstallation of the tank system may be impractical.
6.2.3 Gender and the Personal Tank Program
At the BWA female staff lead the process for application submission and payment collection. This
is the only opportunity for female engagement with service users on the technology adoption and program
management procedures. All other engagement with the BWA field staff and contractors includes men.
Changes to the applicant contact during system installation results in breakdowns in communication and
inconsistent knowledge transfer about the technology adoption process. For example, the person who
submits the application (mostly women - 193 or 63.3%), may not be the individual present during the PreSystem Installation inspection, or may not take the lead in completing the Customer Pre-Installation
Requirements (mostly men), or may not be present during the Post- System Installation inspection.
During the Pre-System Installation inspection women are likely to defer to their male household
members to lead conversations with the utility staff and contractors on the technical system operation. Once
the system has been installed, typical questions or recommendations posed by women included how to
maintain system water quality, whether the storage tank could be smaller for easier access to inspect (see
inside) the system, or if the tank could be opened from the side for ease of cleaning. Women also asked
about whether a warning light could be attached to the system to alert the household when water was off in
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the area, so they could reduce the rate of consumption. Additional service user complaints are received
either directly from the BWA office or field staff. In these instances, it is important for both the office and
field staff to be aware of the appropriate solutions to correctly advise the service user.
These gendered concerns represent an opportunity to innovate on the design of the storage tank
system to increase the ease of use and monitoring of water quality by women, the need for training of office
and field staff on system operation and repair, and alerting the male field staff and contractors on gendered
patterns of engagement with the technology adoption and selection process. This must happen not just at
the BWA, but also in the curricula across the programs that train engineers and other staff at the BWA,
many of which reflect classrooms and faculty that are still majority men in the Caribbean. As a part of the
WSRN S-Barbados project the University of the West Indies Institute of Gender and Development Studies
Nita Barrow Unit is currently developing a gender certificate for all BWA employees to mainstream gender
into all BWA activities, including project design.
6.3 Service-User Experience with the Technology Adoption Process
6.3.1 System Design and Operation
The BWA potable water storage system comprises 1) a 400 gallon Buffalo water tank with safety
lining and float valve, 2) a 0.6 HP (0.44 kW) Pentax Cam 50 (110v, 60Hz) water pump with smart head
and housing, 3) placed on a 3” concrete slab base, and 4) with all plumbing fittings. The system has a 10year design life, however it is expected to last longer. The system is designed so that water flows from the
utility supply main, through the drinking water tank, and then the pump before entering the household. This
operation is referred to as “flow through” mode and ensures a continuous flow of water through the tank
during use (Isaacs, Cadogan and Trotz 2019). The high-density polyethylene water tank is made in Trinidad
and Tobago and purchased from a local company. The tank’s float valve is purchased separately from a
company in the UK. The float valve shuts off water flow to the tank preventing overflow, or backflow in
the event of low water pressure. The pump is a self-priming centrifugal water pump, which uses an airwater mixture to reach a fully primed pumping condition. Self-priming pumps cannot be used without water
in their casing and this point is an important part of the training customers should receive during system
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start-up. The pump smart head controls the starting of the electric pump after a pressure decrease and the
stopping when the fluid flow reaches a maximum pressure level. The pump and smart head are bought from
a company in Italy. Materials for the pre-cast concrete slab and the plumbing fittings are sourced locally.

Figure 6.5: Participants of the Barbados Water Authority Personal Tank Program who called the utility to
request post-installation support services
From program inception, 157 (51.4%) service-users have called the utility at least once for postinstallation service assistance within and after their warranty periods (identified in yellow in Figure 6.5).
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Multiple requests were recorded with 66 persons who called with at least 2 requests and a maximum of 2
persons each calling 7 times. A total of 254 service requests were documented. Complaints originated from
all of the parishes, and the majority of these calls came from individuals who purchased (146) their system
versus received them free (11). Service requests identified challenges with all the system components
except the concrete base. Analysis of all 1st reports received identified the following system component
related issues: 62 pump, 56 tank, 29 plumbing materials, 5 pressure and 5 others. Other calls included
requests to commission the system, electrical component breakage (switch on isolator box), and
communication about a change in mailing address. Overall, the majority (112) of the reports were related
to the pump and smart head. Solutions to identified challenges were implemented by the utility, contractor,
and/or customer based on the warranty period. Table 6.1 summarizes the operational challenges reported
and solutions/repair measures implemented to the potable water storage tank system components.
Table 6.1: Service user reported technology operational challenges and solutions
System
Operational Challenge
Solutions and Repairs
Component
Pursued or Recommended
Overflowing
Replace float value
Remove lime build up on float valve to reduce
Tank
sticking
Tank vibrating
Add pressure reducing valve to system
Union couplings, and valves (ball,
check or return) leaking
Plumbing

Pump

Cracked pipe

Not getting water from pump
(seizing)
Smart head malfunction due to
leaking diaphragm
Smart head malfunction and pump
not cutting in
Water pressure in house low
Pump not working due to broken
isolator box switch

Add pressure reducing valve to system in
locations with relatively high pressure
Reseal plumbing fittings
Pipe replaced by utility during warranty period
and or customer purchases necessary items and
effects repairs, or utility helps with repairs
Prime and bleed pump to restart
(Airlock needs fixing)
All smart heads diaphragms resealed with
silicone
Smart head replaced to different model
Manually adjust smart head pressure settings
Fix isolator switch
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Figure 6.6: Type of system operational challenge reported for the 1st call made by participants of the
Barbados Water Authority Personal Tank Program
Figure 6.6 summarizes service user reports from their 1st call to the utility. No issues or failures
have been reported for the concrete base which has a contractor warranty of 6 months. The sectional base
has a smooth surface for level installation of the tank that is expected to stay in place and last the full design
life. However, if the foundation of the concrete base is inundated frequently, and subsequently expands and
contracts unevenly, the base will sink or shift causing the tank to lean.
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The plumbing materials have a warranty of 3 months. A total of 40 reports were received about
pipes leaking. Most of these reports were received outside of the warranty period. Plumbing fittings,
particularly union couplings and ball valves have leaked especially in areas with relatively higher water
pressure. Service users have installed a pressure reducing valve to stabilize system pressure increases that
contribute to the frequency of leaks. Also, fittings may have cracked if incorrectly connected and or
disconnected. Plumbing issues (identified in purple) were recorded for all parishes except St. Lucy. The
systems that recorded challenges were installed by 3 plumbers. No one plumber could be identified as being
responsible for a higher frequency of reports. The complaints sheet did not record who was the plumber or
BWA staff person effecting repairs, however this information would be useful to track, and to identify any
patterns in system failure that can be reduced by interventions that address personnel skill-level. After the
warranty period there is less control over the source and quality of replacement materials purchased by
households. Utility Guidance on purchase of replacement materials should be addressed with contractors
and service-users.
The tank has a warranty of 5 years. There were 98 tank issues reported from all parishes primarily
related to the malfunction of the float valve. Overflowing of the tank was due to mechanical failure of the
valve or lime build on the device that restricted its movement. The float valve is purchased separately from
a UK company and is covered by a 3-month warranty. Based on frequency of this part failure, the contractor
has sourced a different local option and customers can buy the part and have it installed for BBD 90 once
their warranty has expired. The contractor or utility staff have assisted service-users with replacement of
the float valve. When the tank is full, some PTP participants have diverted the flow of the water supply
away from the tank for direct use in the household via the utility connection. The tank no longer operates
in the recommended flow through mode because persons do not want to use their water pump. Intermittent
water supply to the tank leads to water stagnation. Additionally, when there is no household water use for
more than 2 weeks, the BWA recommends ½ gallon bleach added to a full tank that is run through the entire
home, flushing all pipes before the tank is refilled for use. Although the BWA has not conducted water
quality tests on the PTP domestic systems, community and other domestic potable storage tanks with
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stagnant water have tested positive for total coliform, fecal coliform, E. coli, enterococci, Pseudomonas
aeruginosa and algae by the Government of Barbados Environmental Health Department (EHD).
One hundred and twelve (112) complaints about the pump and smart head have been received.
Pump issues included seizing, smart head malfunction, and pressure adjustment. If the tank system is
emptied during a supply interruption and no water remains in the pump it will seize. PTP service users have
recommended that a warning light to indicate when the supply is off can be added to the system. The pumps
need to bleed, and airlock fixed to be restarted. The BWA delivers water to the household at 20–25 psi;
however, when there is intermittent supply, the return water pressure is higher. The force of this higher
pressure has caused the membrane diaphragm in the smart head to become unseated, leaking water into the
electrical compartment. The Contractor has resealed the membranes and changed at least 20 smart heads
due to this occurrence. With a warranty of 1 year, only 1 pump has been replaced to date. The pump is
connected to an isolator box with a 120V service outlet. When the isolator box switch breaks or the adaptor
cracks it has to be replaced by the service-user. No warranty is provided on the electrical components.
Service-users experience monthly differences in their electricity bill based on introduction of the
pump to their household. Smart head malfunction has also resulted in the pump constantly turning on,
contributing to an even higher household electricity bill. Using average daily pump use estimates between
5 hours to 8 hours, from July 2017 to August 2019, service users could have experienced an increase in
their electricity bill of BBD 36 – 49 for minimum use (5 hrs per day), and BBD 53–74 for maximum use
(8 hrs per day) of the pump. A summary of the costs associated with the use of the 0.6 HP (0.44 kW) pump,
for 5 or 8 hours per day, for this 3-year period is provided in Appendix H.
6.4 Private Sector as Stakeholders in Participatory Technology Adoption and Diffusion
6.4.1 Public-Private Partnerships for Program Delivery
The BWA is mandated to provide the island with safe, reliable and sustainable water and sewage
disposal and treatment services. For provision of more efficient public infrastructure service delivery the
utility has routinely encouraged and engaged varying degrees of private sector participation and investment.
The range of BWA Public-Private Partnership (PPP) model arrangements include, and are not limited to
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goods and service contracts, management and operation contracts, leases, and Design-Build-Operate (DBO)
contracts. As a PPP, the PTP is executed using a management and operation contract. This contract includes
a fixed fee payment of BBD 6,400 per system by the utility for the procurement and management of the
installation and maintenance of the drinking water tank systems. This performance-based contract also
includes operator responsibility and risk for replacement of minor components and equipment with and
without warranties. The utility provides critical overall program management, quality control and assurance
checks at key stages in the technology adoption process. The PTP PPP contract combines public utility
investment (BBD 4M grant from the Government of Barbados) and private sector expertise and efficiency.
As a result of the PTP, the BWA’s responsibility for infrastructure integrity and service delivery has now
extended beyond the meter to domestic storage systems, and it relies heavily on the private sector as
stewards for technology installation and customer service.
The BWA PTP is a niche innovation service developed in response to problems with the BWA’s
water supply delivery, and formation of a PPP with a (large) local company was critical to fulfill customer
needs not supported by the existing regime. The contractors (and sub-contractors) are viewed and perceived
as representatives of the utility. They have direct and ongoing interaction with utility customers, and as
such their practices directly affect service-user technology adoption, selection and diffusion. In addition to
installing the systems, some of the sub-contractors have been hired by the service-user to complete their
pre-installation requirements. Because of approachability and trust developed during this period, serviceusers call them directly to recommend solutions to system challenges. Based on the nature of the report
and recommended solution, these may or may not be documented by the utility. Service-users learn from
the contractors and make necessary adjustments as they integrate the technology into their practices.
From program inception, co-generation of knowledge has been a priority and the foundation of the
BWA and the private partner relationship. The utility tank system design was finalized with contractor
input, and the utility staff have been continuously trained by the contractor in the installation and
maintenance process. The built capacity of the BWA PTP staff to complete key repairs has enabled the
BWA to assume greater responsibility for post-installation service-user support since the utility has halted
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program operations. The breakdown in the PPP can be attributed to regime (changes in utility structure,
rules and processes) and landscape pressures (external factors e.g. change in government).
As a statutory body the BWA is subject to government regulation and oversight. After the
government changed following the May 2018 elections, the BWA was assigned a new board and strategic
directives; establishment of a Legal and Compliance Department for the review and renegotiation of
existing utility contracts impacted the BWA PTP. The PTP private partner, a leading construction company
in Barbados with multiple BWA contracts, and the new board have had tense and tenuous relations with
private and public communication breakdown during the re-evaluation and re-negotiation of one of the
contracts, the Community Tank Program. The board temporarily placed that contract under review, and
halted new system installations of the BWA PTP contract in February 2019. As of January 2018, the
monthly management contract for the BWA PTP (BBD 89,930) covered fees for project management, field
and operational staff, vehicles, office, stores, IT, utilities, mobile phones and transportation.
6.4.2 Practitioner Engagement for Improving Program Delivery
The BWA is committed to resuming PTP operations and expanding the program via the Water
Sector Resilience Nexus for Sustainability in Barbados (WSRN S-Barbados) project which will provide
1,500 systems for free to vulnerable households (2020 – 2023). Vital to this process is engagement with
local entrepreneurs to propose opportunities for program delivery improvement and solutions to the existing
risks and challenges encountered. A practitioner workshop was held in July 2019 with 4 BWA staff and 5
contractors representing 4 micro and small enterprises (MSEs) that support the PTP, and/or install
residential drinking water storage tank systems through their private operations. Intentional engagement of
MSEs is a good business practice that seeks to broaden program participation and address the structural
power which privileges certain actors at the expense of others (REF). The workshop covered 1) contractor
experiences with the technology adoption process, 2) recommendations for system design alternatives, and
documentation of system life cycle costs, and 3) PPP models for program delivery and expansion.
The system installation process is not streamlined, and this impacts contractor efficiency and
targeted progress on a performance-based contract. Unpredictable and long waiting times for system
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installation due to incorrect or incomplete customer requirements “especially for poor people” delays
contractor payment, and forces deviations from the preferred works process. Program participants are in
general unclear on how the system works, and they get assistance from persons without the requisite
technical (plumbing and electrical) skills, or who don’t follow instructions. For example, on occasions
electricians have installed 220V instead of the required 110V power supply. It was recommended that more
educational materials and training on system design and use be incorporated in the program management.
Certificate training of plumbers and electricians, and creation of a database of these persons to be used by
program participants was also recommended to improve the quality assurance and quality control of the
process. Also highlighted was the need for communication between plumbers and electricians working at
the same site to discuss how the sequence and mode of task execution impacts the following person’s
ability to complete their task, and the unintended consequences on system function. For example, when
electricians insert cables into the pump casing from a side vs top orientation it prevents backflow of water
along the cables and onto the smart head which is at a lower level. Consistency in how this action has been
done has reduced instances of the smart head getting wet and malfunctioning. For agile program
management it was recommended that regular sharing of experiences should be encouraged with the utility
serving as a central repertoire and point of information dissemination and overall progress reports.
An annotated diagram of the system design considerations discussed is provided in Figure 6.7. The
system design was discussed to evaluate operational performance (failure), the preferred skill level for
maintenance requirements and associated life cycle costs. For the concrete base, the contractors could only
recall 1 of the 305 systems where it was not installed on a level surface. This was in the beginning period
of the system installations, and the surface was regraded, and slabs reinstalled to correct this error. Once
installed the slabs are expected to stay in place, however if placed under the dripline of houses this can
prove problematic; sometimes there is no guttering at the location, so water comes off the roof and in rare
cases can cause the base to move. The base is the most expensive part of the system at approximately BBD
1,600 (4 slabs with dimensions- 4’ x 1’ x 3”). It was debated whether it was more prudent in terms of cost
and time management to cast the base on site rather than casting slabs and transporting them to the site as
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was done in the past. Although potentially more cost effective, it was felt that casting on site could be
problematic and time-consuming if the contractor was not familiar with the location in terms of access and
amount of space available. Due to the importance of consistency of the base’s stability there was consensus
that use of prefabricated slabs should be continued, and that their size should permit the job to be completed
by 2 persons.

Figure 6.7: Annotated diagram of Barbados Water Authority Personal Tank Program system design
The primary challenge with the tank was the malfunction of the float valve which caused it to
overflow. The contractors have sourced a locally available alternative for BBD 20 that is noisy, but less
problematic. Since this part does not carry a warranty, service users have paid the private contractor BBD
90 to have this part replaced (BBD 70 installation fee and BBD 20 part cost). To increase the life of the
float valve the water should be filtered before entering the tank. Filters can be problematic depending on
location, quality of the unit, frequency of water going off in the area, as well as rust, but it is normal for
persons to change their filters every 6 months. Rojo washable plastic filters (BBD 27 for 2 cartridges) or
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Calligan sediment filters (BBD 76 for 2 cartridges) were recommended, and their warranty period is usually
6 months. It was also recommended that if the tank is compromised within the warranty period then the
contractor can replace it, however the service-user would need to pay a fee to cover the cost of reinstallation. It was also recommended that the owner should protect the tank by strapping it down. In the
event of a hurricane, winds of 150 mph may push the tank over, and if it bursts, then it could potentially
become a missile. The contractor could ask the customer if the service is required and offer to do it for a
fee. Sanitizing tanks once per year was another service that could be offered for a fee.
The tank size was also discussed with 400 (BBD 800) or 600 (BBD 1000) gallons as the preferred
volume depending on the household occupancy. For larger households the 600 gallon tank would be better
if the homeowner might wish to increase the building capacity e.g. through addition of a bathroom.
Regardless of tank size the same plumbing fittings could be used for up to a 1000 gallon tank. Although the
BWA PTP is designed to provide a household with 50 gallons per capita daily (gpcd), the recommended
normal consumption is 15 – 26 gpcd (60 – 100 lpcd) (REF: International Benchmarking for Water and
Sanitation Utilities or UNHCR). Therefore, for a household of 4 using the recommended normal
consumption, and assuming only ¾ of the tank’s water can be accessed (300 gallons), the household has
between 2.8 to 5 days of storage.
Many of the plumbing fittings (BBD 400) comprising mainly 3 different materials (PVC, poly blue
and or galvanized steel) based on existing pipes at the property, were replaced. The warranty for plumbing
fittings is usually 3 months; however, if something goes wrong after 3 months, the customer is usually
conflicted about having to make payments for the system and still have to pay to replace fittings. The
contractor or BWA then has to explain that every manufactured item comes with a warranty, that 3 months
was appropriate for the fittings warranty, given that within a few days or a week, one can tell if the fitting
was installed properly. Fittings incorrectly installed will leak, and/or show joint damage. Because serviceusers have often incorrectly positioned valves, and have encountered challenges in dismantling the tank
when repairing or cleaning, it was suggested that an expert be hired to change these fittings as needed. In
addition to this, leaks have also been caused by pressure going up in the area, so it is critical to test and
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document the pressure in the area before the initial installation process. If it is determined that a pressure
reducing valve is needed especially in areas near pumping stations one can be purchased for BBD 390.
High pressure through the system has also been linked to damage to the diaphragm in the smart
head that causes the pump to run continuously, increasing the household electricity bill. Adding a pressure
tank to the system between the 400 gallon tank and pump was another solution proposed to this challenge.
The benefit of the pressure tank is twofold: it holds and regulates incoming changes in pressure, by slowly
releasing it as water leaves the system, and then it reduces how often the pump is running since it only
needs to cut in to refill the tank when the water level is low. Arguments for or against the pressure tank
were that upfront costs for the service-user are higher (BBD 500 – 600 for a 50 gallon system) than replacing
the smart head every 2 years (BBD 100 - 200), it needs to be painted regularly to avoid rusting, and it comes
with a sensor that needs to be set carefully. The smart head is less efficient, however the entrepreneurs
expressed that their experience and familiarity with it made them more comfortable working with this
option. The pump can last for 10+ years if it is not shut down and left idle, which eventually would cause
seizing up or burning of the motor. It would be a good idea to place the pump in a plastic container since it
has a tendency to rust very fast. If servicing is required this can be provided at a cost of BBD 500 - 1,000,
so it may be more economical to buy a new pump (BBD 800 – 1000). Seals inside the pump may last 5
years instead of 10 years, in which case the contractor can fix it for a cost of BBD 100.
In other instances when the pump is running all the time or there is noise coming from it, this is
likely due to leaks in the house. In addition to encouraging service-users to fix leaks, to reduce the electrical
burden caused by this occurrence, the group discussed opportunities and challenges for a gravity or a solar
powered system. Gravity systems could be constructed starting from BBD 5,000 and up. Site suitability
and construction costs would be impacted by elevation of the area, slope of the land, available space and
foundation of the structure. It was felt that the BWA could consider gravity systems for households if they
were flat, but factors like multilevel homes, and rooftop solar water heaters should be considered. Solar
powered pump systems are the most expensive alternative (starting at BBD 7,000 and up) and they were
not recommended for low-income households. Some customers have asked about a solar panel with battery
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to power the pump if electricity goes off. However, if it rains for 2 days, resulting in no stored power to
pump; there will be need for more than 1 battery. Regular maintenance would also be a concern since leaded
batteries need water to prevent burning and cell damage. The entrepreneurs admitted that they had limited
expertise in this area, and recommended adding a tap at least 2ft high, just enough to clear a 5 gallon bucket,
to access water from the tank if the electricity goes off.
It was envisioned that the BWA would maintain its current role in management of the program
advertisement, service-user and contractor engagement, system installation and maintenance. The utility
cost for program management between 2017 and 2019 was BBD 29,205 for advertising and BBD 87,965
per year for staff. The management information system for the PTP should be geo-coded and regularly
updated with service-user and contractor observations. The MSEs proposed that they could support the PTP
via a performance-based management and operation contract. The service contract should be priced to
include installation and warrantied maintenance of the existing sectional concrete base, tank, plumbing
fittings, pump with smart head, and addition a filter, tap, pressure reducing valve (based on location), and
completion of the current service-user pre-installation (electrical and plumbing) requirements. To reduce
risk and liability to the BWA and the private partner, electrical work would not be completed by the
contractor in the following circumstances: Overloaded panels, old fuse box vs circuit breakers, full breaker
box, condition of surface area not suitable for electrical installation e.g. lots of damaged wood, water leaks;
and if the tank is located too far from the house by choice of householder. In instances of old wiring, where
there is risk of a burnt circuit, the cost to make the necessary changes must be covered in full before
proceeding with the household.
With reference to the pre-installation requirements, the contractor should quote for a fixed amount
of material (e.g. BBD 200), and if the actual cost exceeds the quote, the utility should respectfully discuss
with the service-user alternatives to cover the remaining cost. If the service-user is unable to afford the extra
cost, it was suggested that another government program may be approached to contribute to/cover the
remaining costs. It was recalled that the Ministry of Housing, Lands and Rural Development previously
implemented a program to upgrade and rewire the electrical systems of vulnerable households (elderly).
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This database could assist with identifying homes that could qualify to receive the free system installations.
All avenues should be pursued and be in place before the program implementation to ensure that household
finances do not exclude program participation, and that the BWA does not get negative press, if individuals
feel discriminated against, and that the BWA makes empty promises. The contractor is not to be put in
expense and contingencies must be in place; if contingencies are exceeded, the contractor should also be
able to say up front that the job cannot be completed because of the identified factors/condition of the
property. A summary of the PTP management, operation and maintenance costs are provided in Table 6.2.
Table 6.2: Life cycle cost items for the Barbados Water Authority Personal Tank Program
Life Cycle Cost Items
Estimated or Actual Cost (BBD)
Period/Unit
1. Capital Expenditure (physical components)
Retail Price: Full Tank Solution
4,800
once
80
month
Service-User Requirements
250 - 500
once
2. Operation and Maintenance (fuel, labor, materials)
electricity
35 - 74
per month
pressure reducing valve
390
once
filter (plastic or sediment)
27 - 76
per year
float valve
90
every 5 years
smart head
200
every 2 years
pump seal
100
every 5 years
3. Capital Maintenance Expenditure (replacement of large items)
tank
500
after 8 years
pump
800
every 5 years
4. Direct Support Expenditure (3rd party support)
Contractor Management Contract
89,930
per month
6,400
per system
5. Direct Support Expenditure (utility costs for program management)
Service-User Subsidy/Discount
1,600
per system
Employee emoluments
87,956
per year
Program Advertising
29,205
cumulative
The businesses (combined or individually) can bid to provide turn-key solutions that include the
supply of the materials and labour to complete the full installation, and or the BWA can/could supply the
materials while the contractors supply the labour. Bulk purchases of materials by the BWA were preferred
to take advantage of duty-free concessions. The materials would therefore belong to the BWA, to be stored
in a warehouse, with a utility staff member dedicated to monitoring the stock and distribution of materials
as needed when work orders are issued. In either arrangement one (1) party should be contracted to make
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all the concrete bases. Operating on a fixed budget per system, it was preferred if the performance-based
contract would include payment schedules that correspond with signing of the contract and key milestones.
Meeting targets would be contingent upon availability of the concrete bases, the BWA supplying work
orders (for paid or free systems) in a timely manner, and co-evaluation and confirmation of property
suitability for system installation by the BWA and contractor. Systems once installed would be maintained
within the warranty period. Outside the warranty period contractors see service-users as their long-term
client and will offer maintenance services on an as needed basis.
A PPP that is well designed, fiscally sustainable and implemented transparently in a regulatory
environment with good governance improves efficiency of service delivery and reduces the risk of project
failure (REF: World Bank). Workshop participants expressed the desire to have a PPP transaction structure
that incorporated the needs, balanced the allocation of risk and maximized benefits to the utility, business
and service-user. An open tender encouraging expression of interest from micro and small enterprises
(MSEs), and bids evaluated in a transparent manner would stimulate interest and competition in the sector
for household water storage installation. This provides a greater possibility of MSEs securing contracts,
and provides spill over benefits to all households across the island seeking similar affordable services. An
established regulatory environment that limits transaction costs, and provides a clear mechanism for
submission and resolution of complaints and grievances would also lend credibility and trust to the PPP
scheme. Beyond grants, a plan for the sustainable financing of utility investments in the PTP and domestic
potable water storage is needed. Slow cost recovery threatens the BWA’s ability to facilitate and sustain
offering this service. The experiences and recommendations shared in this workshop were incorporated in
a BWA Draft Operating Manual for the PTP and a Board Paper for deliberation on the path forward.
6.5 Theory and Practice to Inform Utility Policy for Potable Domestic Storage Adoption
6.5.1 Application of Socio-Technical Transition Theory to Describe Program Implementation
Island wide domestic storage that is safe, reliable and sustainable is part of Barbados’ multipronged approach for achieving water sector security. Piloting the BWA PTP drives the transition from a
niche innovation, to a transformed landscape where domestic potable storage is an island wide water use
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practice, reinforced and stabilized by the BWA regime. Household investment in storage contributes to
domestic and utility resilience to operational interruptions and climate impacts. Utility failure to comply
with the FTC Guaranteed (Water) Service Standard (GWS 9 – reliability of supply) and service-user
resistance to technology adoption and selection that adheres to design and regulatory guidelines creates the
urgent need for public-private-service user partnerships in niche development and transition management.
For the BWA PTP to persist, stimulate business interest, and become embedded in the regime, the alignment
of successful processes within the niche (technology incubation space), reinforced by changes at the regime
level (utility), and pressures from the socio-technical landscape (external factors) must occur (Kemp, Rip,
and Schot 2001).
The timeframe and pathways for socio-technical (ST) technology transitions can vary. ST-regime
technology transitions can span decades, ST-niche transitions can have technology adoption occurring in
a few years, and landscapes are typically the hardest to change due to slow changes in external factors,
except in cases where there are large, sudden catastrophic “avalanche type” events (Geels & Schot 2007).
As a niche innovation that was developed at the community level in response to household needs, the PTP
is uniquely and advantageously positioned because there is service-user demand for the technology, the
regime is directly involved in development of the service, and landscape factors are prioritizing this
initiative (e.g. financing options, national strategic planning processes). The PTP can therefore drive
transformation of the landscape for adoption of domestic potable water storage in a relatively shorter time.
To achieve this change the timing (stage of innovation development), and nature (reinforcing or disruptive)
of interactions and processes that will impact the transition pathway will need to be analyzed, and solutions
proposed for reorientation of the interactions in the niche and regime. Different timings of multi-level
interactions will have different outcomes (Geels and Schot 2007). For example, the transition of niche
innovations will differ if landscape pressures occur when they are in a stage of infancy (predeveloped) vs
fully developed (stabilized). Nature of interactions describes the reinforcing or disruptive relationship of
niche-innovations and landscape developments with the regime (Geels and Schot 2007). Reinforcing
interactions stabilize the regime, while disruptive interactions create impulses for change in the regime.
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Niche innovation interactions can be subdivided into multiple phases emergence, take-off,
acceleration, and stabilization (Geels 2011). The PTP was in the take-off phase when it was put on hold in
February 2019. This phase is characterized by protection from market conditions through subsidization of
costs, low to medium technical performance, competing technical claims by various product champions
with potentially low-quality products, “teething problems” with technology adoption and selection practices
(e.g. water quality compromised to avoid pump electricity use), an expanding network of supportive and
committed actors (producers & users) who generate and share knowledge on niche developments, and in
general less established and relatively unstable structure and rules for niche activities, (Geels and Schot
2007, Smith et al. 2010).
Niche development and stabilization for potable water storage tank system adoption in Barbados
will be depend on 1) increasing momentum for system adoption by generating commitments from the
producers (potential investors) and increasing demand from users, 2) systematic documentation of adoption
challenges (water quality risks, socio-economic drivers and barriers of technology acceptance, life-cycle
costs), 3) participatory problem analysis for performance improvement, incorporation of technology design
improvements (inclusion of a pressure reducing valve, filter, lock, a faucets for water sampling and manual
extraction in the event of a power outage, appropriate plumbing and signage), 4) sourcing local high quality
alternative materials that enables price decreases to stimulate diffusion, and 5) increasing competition, and
a clear articulation of valuable lessons learnt and recommendations for supportive institutional
requirements. Consensus on the suitability and eligibility of pump vs gravity fed systems based on local
building regulations will also be critical in normalization of the system design. A summary of the
Environmental Protection Department (EPD) and the Environmental Health Department (EHD) guidelines
for potable water storage system construction and operation that are currently omitted from the PTP design
are provided in Table 6.3.
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Table 6.3: Environmental Protection Department guidelines for potable water storage system use not
included in the Barbados Water Authority Personal Tank Program system requirements
Guideline
Description
1
Potable water shall be filtered prior to entering tank(s) to remove particulate matter
2
Filters shall be replaced as recommended by manufacturers
7
All potable water tanks should be fitted with a metal faucet to facilitate water sampling
9
Manual extraction of potable water is essential in the event of a power outage, therefore
the installation of a faucet (tap) no lower than 2 feet from ground level is required
11
The plumbing of water storage tanks should be color coded auxiliary blue for easy
identification
12
Appropriate signage should be affixed on the potable water tank, the wording should be:
“This tank contains potable water by order of the Ministry of Health”.
Niches are a source for transformative ideas and capabilities, but not blueprints. Therefore, the
pathway to stabilization of niche innovations is by having increased structure in practices. This then
stimulates service-user initiated investment and identifies clear opportunities for the private sector. For
stabilization of the niche innovation, actors established within the regime must engage with development
activities, lending their influence to generate widespread social legitimacy (Smith et al. 2010).
The addition of the PTP to the BWA regime followed a “transformation” path (Figure 6.8).
Transformation as a socio-technical transition pathway typology is characterized by moderate landscape
pressures that create an opportunity for the addition of a symbiotic niche innovation to the regime to solve
a local problem (Geels 2007). Addition of the niche innovation does not result in significant changes to the
basic architecture of the regime. Based on the stage of the niche development at the time of addition, the
regime actors have an opportunity to modify the direction of the development path and add structure to the
innovation activities. The regime is dynamically stable, however there is reorientation of the regime actions
to accommodate the niche innovation.
In 2016 – 2017, recurring interruptions to BWA operations, compounded by drought conditions
and escalating social discord and protest provided the internal and external disruptive pressures for the
BWA to participate in development of this niche innovation. As a reaction to these conditions the BWA
PTP unit was created and placed in the Marketing and Communications (M&C) Department. This
positioning was convenient at that moment since the M&C team were leading the coordination of the Rapid
Response Unit (RRU), the first line of community support during service interruption, and whose
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engagement provided the initial feedback to the utility on additional service-user need. Utility led
participatory technology development at the community level during this period raised interest and
influenced household and government investment for the technology’s adoption. Formation of the BWA
PPP with a contractor and a 4M BBD grant from the Government of Barbados (GOB) further contributed
to building national momentum for installation of domestic drinking water systems.

Figure 6.8: Multi-level perspective on Transformation Pathway for addition of the Personal Tank Program
to the Barbados Water Authority (Regime) (adapted from Geels and Schot 2007)
In 2018, the BWA’s progress in documenting and reorienting/refining niche activities (program
management, technology design, use and operation) were stymied by a second wave of destabilizing
landscape (and regime) pressures. Change in elected national government, resulted in utility restructuring
activities. Political Board appointments and a department addition (legal and compliance) to assess financial
sustainability of operations including existing contracts, ultimately contributed to pause of the PTP PPP.
Simultaneous implementation of the International Monetary Fund (IMF) supported Barbados Economic
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Recovery and Transformation Plan (BERT) also resulted in nationwide staff cuts at government agencies,
including the BWA. Utility staff reduction directly impacted the PTP which contracted from 11 to 5
personnel via loss of management, clerical and field positions. Breakdown of the PPP and department
reduction has resulted in a loss of institutional knowledge, capacity and momentum to drive this initiative
forward. This loss also included institutional knowledge on program operations. Despite these road blocks
there is still utility and political support for investment in household storage via the BWA-Green Climate
Fund co-financed project Water Sector Resilience Nexus for Sustainability in Barbados and the GOB Roofs
to Reefs Program (R2RP), respectively (Ministry of Environment and National Beautification 2019;
CCCCC 2018). Both of these initiatives include domestic storage as a necessary adaption to build climate
resilience in Barbados.
The PTP is an innovation that developed in response to supply interruptions resulting from failed
governance for water infrastructure management and prolonged drought conditions. Whereas energy
utilities in the Caribbean have been regulated for a very long time because most are privately owned, water
utilities, most of which are government or quasi government owned, are only now coming under regulation.
Regulation of the BWA only started in 2018. This regulation falls under the Fair Trading Commission’s
Guaranteed Standard of Service, and emerged through extensive stakeholder meetings that were initiated
during the water crisis (FTC 2019). In 2018, the BWA did not comply with the Fair Trading Commission’s
Guaranteed Standard of Service for water supply reliability (FTC 2019). This non-compliance is in part due
to the inability of utility management and successive governments to address historical BWA operational
inefficiencies, and secure adequate funding from water tariffs, government subventions, and grant and loans
for repair, replacement and renewal of the water infrastructure. Fines for non-compliance in 2018 were not
imposed because of the BWA’s loss of staff as part of the BERT Program which impacted the execution of
critical activities, the utility’s financial challenges, and their dependence on government support.
Pervasive water system interruptions that impact Barbadian’s quality of life highlighted the need
for more storage in the utility system. The 2016 drought situation, and the BWA’s inability to provide
consistent piped water, brought the utility under scrutiny by both the public and news media, both of which
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raised awareness through online social platforms (Isaacs 2017). It also affected staff, as some were residents
of the communities without water. While this was happening, BWA field staff in the rapid response unit,
while trucking water to affected areas, highlighted that the storage containers people used were either
inefficient for water collection or potentially unsafe. The Barbados water crisis therefore also provided the
utility an opportunity for innovation with community engagement on short and medium term strategies for
increasing household system storage. The PTP emerged as one of the BWA’s solutions. The BWA did this
at the community and household levels, and with the assistance of the Seventh Day Adventist church who
funded installations at some schools and residences of vulnerable households. It should be noted that the
BWA is also currently implementing another project to increase its above ground storage capacity with
larger, and or redundant reservoirs. The BWA has completed numerous studies over the years on these
additions.
The bottom-up approach for the PTP’s development also provided an opportunity for staff to see
their recommendations be implemented, and increased overall employee support for the program. The PTP
boosted employee morale as the utility was receiving significant negative press coverage during the water
crisis. Despite initial staff involvement in the PTP’s development, staff agency for daily management has
been restricted in terms of execution of staff feedback on strategies to increase program recruitment, and
recommendations to streamline collection of service user complaints. There has also been a lack of
transparency in sharing information with staff on program costs.
The unintended consequences of the development of the PTP is that the utility has now shifted their
responsibility for water infrastructure management beyond the meter, and onto private property. While
water utilities in the United States have introduced point of use filters for maintaining water quality
(Johnson 2019; Martin et al. 2019), the PTP is the first example of a utility introducing household
infrastructure for water storage based on literature searches. The introduction of the PTP has also shifted
the responsibility for water access with associated cost burdens to the household for system payment and
increase in electricity use. Utility investment in, and responsibility for, household storage has implications
for the utility’s liability for system failure, repair and maintenance, water quality monitoring, and equitable
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access to water storage due to system affordability. At the same time, the PTP gives a homeowner some
comfort in knowing that they at least have some emergency supply of water in the event of a utility
disruption.
6.5.2 Recommendations for Successful Program Management, Participation and Technology Adoption
Although the destabilization of the regime’s operations has created uncertainty about the BWA
PTP’s future, The BWA’s systematic approach to household investment in the potable storage tank systems
has documented critical socio-economic, technical and institutional barriers for technology adoption that
once addressed can optimize innovation efforts. Socio-economic barriers include: few persons (16 or 5.6%)
are able to pay upfront the full costs of the system, indicating that system adoption will likely continue to
only be possible via free or hire-purchase procurement options; completion of customer pre-installation
requirements is also a barrier to technology adoption due to affordability (BBD 250-500); and a cultural
practice of not using the storage system as designed to avoid electricity costs (BBD 35 – 72) with can result
in reduced water quality. Technical barriers include: Access to skilled labour to accurately complete
customer pre-installation works; service-user comfort and familiarity with system operation and
maintenance; and initiation of technology performance improvements by multiple actors (utility and
contractors) without a formal process for documentation and dissemination of technology failures and fixes.
Institutional challenges include: limited field staff availability and no unit assigned program engineer; nonintegration of the PTP Management Information System (MIS) with the Customer Information System
(CIS) which reduces ease and timeliness of program accounting, bill issuance and payment; no established
training program for operation and maintenance; the need for standards of service for the program
execution, regular evaluation of contractor performance, and an established grievance mechanism. A
summary of the factors that will impact program success is provided in Table 6.4.
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Table 6.4: Socio-Technical Factors that Influence the Success of the Barbados Water Authority Personal
Tank Program
Factor
Service-User
Private Sector
Utility
Socio-Economic
Profile of Program
Participant
(Beneficiary)

Finance

Operation &
Maintenance Costs

Property Owner vs
Tenant, Household
income (ability to pay)
& Resident in
Community where
system adoption is
common
Access to Finance:
Grant, BWA HirePurchase Agreement,
Micro-Finance (Credit
Union)
System Affordability:
Payment value
equivalent to </= 5%
monthly household
income
Pump energy use and
repair & replacement of
system components

Technical experience and
project management track
record in similar
technology adoption

History of community
engagement and
existing customer
assistance programs

Source of Project Funding
e.g. Grant (Local or
International) or Utility
Budget and Payment
Schedule:
Job Profitability: Net
revenue

Cost Recovery (Timely
Revenue Collection) &
Payment Default

Cost of project
management, field and
operational staff, vehicles,
office, stores, IT, utilities,
mobiles, transportation

Support for Staff
Emoluments

Program Funding

Technical
System Design

Follow-Up Support
Services

Training program in
the project design

Requests for changes to
tank size is possible
when paid for by the
service-user
Knowledge and use of
repair & replacement
system warranty

Training delivery
available at consistent
intervals with
community level
participation

Participatory consensus
on design and openness to
continuous improvement
Time to complete these
works, not overwhelming.
Technical experience and
project management track
record in support service
provision
Participation and
certification by training
program

Participatory consensus
on design and openness
to continuous
improvement
Staff availability to
assist service-user and
documentation of
service-user and private
sector reports
Training program
includes Operation &
Maintenance guidelines
and continuously
updated
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Table 6.4 (continued):
Factor

Service-User

Private Sector
Institutional

Collaboration Across
Departments

Integration of program
database with utility
customer information
system to streamline
payment process.

Contract Design &
Payment Schedule

Utility Human
Resources

-

-

Standards of Service

-

Policy & Legislation

-

Regular performance
based-contract
evaluations with dispute
resolution mechanism
-

Utility

Program delivery
requires input and
coordination with
multiple departments
including Marketing and
Communications,
Customer Service, IT,
Accounting, Projects, and
Legal and Compliance
Dedicated staff available
(field, engineering and
clerical) who are not
over-assigned to multiple
departments
Determination of
minimum standards of
service for evaluation of
program performance
National Water Master
Plan that addresses
potable domestic storage
and internal utility policy
for Public Private
Partnerships

In the Caribbean, domestic rainwater harvesting (DRWH) and potable storage are strategies being
used to increase above ground storage, and build resilience to utility operational interruptions and climate
change. Through efforts to reintroduce a culture of Caribbean DRWH there has been increased
documentation of these program experiences, which can provide lessons learnt and best practices for
comparison on factors that can influence the success of similar programs that invest in domestic water
storage systems like the BWA PTP. For e.g., in DRWH projects self-finance is found to be a viable option
across multiple system price costs when payments represent <5% of the monthly income and interest rates
are less than 5% (Peters 2017). Following a similar trend, with no interest payments, the PTP hire purchase
agreement that requires a payment of BBD 960 per year (BBD 80 per month) can be considered affordable
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since this typically represents 4.8% of the annual income of the service users (approximately 50%) who
earn < BBD 20,000 per year.
To reduce DRWH costs, and encourage more participation, ownership and sustainability at the
community level, local persons have also been trained to build the systems (Peters 2017; Demplewolf et al.
2015). The BWA PTP can also consider more community level engagement. Training persons on system
design, use and maintenance will positively impact technology adoption, selection, and increase access to
skilled labour to complete customer pre- installation requirements and other service requests. Sharing
upfront the expected operation and maintenance life-cycle costs with the service-user can also facilitate
proper planning for system investment. Engagement with communities that demonstrate need, demand and
historical investment in storage has also proven to increase success of DWRH system adoption (Peters
2016). By doing this the PTP participants can now become champions for the use of domestic potable
storage in their communities. The Caribbean Environmental Health Institute has called for inclusion of
financial incentives to offset DRWH construction and maintenance costs (CEHI 2008). Fiscal incentives
have been offered for the acquisition of RWH hardware (Demplewolf et al. 2015).
Government subsidies, international donors/NGO grants, and less popularly micro financing
mechanisms like credit unions, have also implemented DRWH projects. Beyond mortgages, low
profitability of DRWH investments limits private sector financing by local entrepreneurs (Peters 2016). For
the PTP, self-financiers can also consider including the system cost in their mortgage payments, and the
PTP MSEs may find lower profitability margins acceptable if fiscal incentives are provided for equipment
purchases. Since 1996 the Barbados Town & Country Development Planning Office has regulated that all
residential buildings erected after that date with a roof area greater than 139m 2 must provide a rainwater
storage system (tank or cistern) to capture water for secondary or non-potable uses (Hutchinson 2010). Like
the PTP, DRWH systems are left unused or with stagnant water to avoid pump related energy costs. This
has also led to proliferation of mosquito breeding grounds (Isaacs et al. 2019). For the PTP service users,
the perceived and realized threat of supply interruptions due to continuous BWA operational inefficiencies
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and increased frequency of extreme climatic events is encouraging persons to absorb the system energycost burden, and use their systems appropriately so they have water when they need it.
Utility service-user and contractor observations and recommendations have identified necessary
and optional improvements to the PTP system design. These design elements have been documented and
are being considered by the utility for future installations. Participatory consensus on the system design will
have spill-over effects to the rest of the country as local entrepreneurs are encouraged to advise their clients
to use similar design standards. Documentation of the program and technology life cycle costs can also now
enable the utility to identify alternative materials and sources to further reduce the system costs and or
recommend for tax concessions. Although the system cost of DRWH projects is an important factor and
barrier for successful adoption, other important program design factors include inclusion of a maintenance
component, response to requested follow-up activities, and hosting training sessions in communities (Peters
2016). For the PTP there is a need for a training program on systems installation and maintenance, and
programs for public awareness. The BWA’s Water Wednesdays television program, and a dedicated portion
of the program advertising budget can continue to be used to support public awareness of the program and
training opportunities. The training program can target service-users, skilled community members, and also
local plumbers and electricians who may be contracted to complete customer pre-installation requirements.
Participants in the training program can be documented in a database and form a community of practice to
share regularly with each other their experiences in providing technical support services. In addition to
peer-to-peer sharing, BWA can facilitate discussion and dissemination of best practices through the training
program. A deliverable of the WSRN S-Barbados project is the creation of a training program for the PTP.
Greater collaboration between departments is needed for the efficient operation of the PTP.
Although located in the Marketing and Communications department, the PTP requires coordination with,
and resources from the Human Resources and Administration, IT, Customer Service, Accounting, Projects
(Engineering) and Legal and Compliance departments. Department staff need to be trained in project
management and should include a minimum 3 field staff and a dedicated program manager. To develop an
operation and maintenance training program, input from engineers and BWA PTP staff is required.
152

Engaging IT, Accounting and Customer Service departments to link the BWA PTP Management
Information System (MIS) to the BWA Customer Information System (CIS) would help to streamline
payment and billing procedures. Program information management can be improved if the systems are
consistently geolocated, and if there is an option for service users or contractors to also submit repair
requests or queries online which would help tracking and responding to service issues. A dashboard on the
BWA website visualizing key program statistics (target, number installed by parish) would also help to
raise public awareness of the programs impact. The Legal and Compliance Department can also assist with
developing PPP contract performance evaluations, and the establishment of a grievance and dispute
resolution mechanism. These departments can provide different perspectives on the standards of service
that can include: time estimates for system installation, issuance of first bill, minimum and maximum
pressure for inclusion of a pressure reducing valve, scheduling appointments to respond to complaints or
service requests, repair and replacement of items in warranty. Establishing performance standards will help
with internal performance benchmarking and reporting, and with guiding discussions with the FTC should
they at any point decide to officially regulate the BWA PTP.
Funding (mechanism and cost recovery) and legislative policy support will also impact the longterm program sustainability. Beyond grants, the BWA PTP needs to determine the resources required (direct
support costs for utility staff, contractors and system equipment) and the financing mechanism to fund these
costs. For example, the expansion of the PTP via 1,500 systems to be installed through a grant from WSRN
S-Barbados project includes funding for the systems, but does not include adequate funding for contractor
support for maintenance activities and relies on cost-share for utility management. The PTP business model
needs to be re-evaluated to consider opportunities to reduce the system and maintenance costs, and or
increasing the retail price.
There is no one agency dedicated to water resources management in Barbados. Another output of
the WSRN S-Barbados project is a National Water Master Plan that is expected to address potable domestic
storage as part of the Integrated Water Resources Management plan in (IWRM) Barbados. The Draft IWRM
plan for Barbados, developed but not adopted in 2008, did not include considerations for domestic potable
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storage (CEHI 2008). Although the BWA PTP is being coordinated by the water service provider, island
wide household storage is a water resources management issue. Setting up a proper functioning agency
dedicated to water resources management in Barbados, would consistently prioritize investments in potable
domestic storage, and alleviate any potential conflicts of interest between water resource management and
water service provision (Cashman 2012).
The BWA PTP is designed to provide water storage capacity at the household level, effectively
buffering the household from water supply interruption impacts. This resilience property in addition to
collaboration with the private sector and service-users can improve the BWA’s delivery of this program.
Based on the socio-technical factors discussed above, a sixteen (16) resilience design principles that can be
incorporated into the BWA PTP are provided in Table 6.5.
Table 6.5: Descriptions of resilience design principles that can be incorporated into the Barbados Water
Authority Personal Tank Program
Resilience Property
Description for Resilience-based Design of the Personal Tank Program
Adapt

Technology design can be adapted to meet service user needs (e.g. tank size)

Anticipate

Utility anticipates technology failure and provides training and support services
for repair and replacement of technology components

Buffer

400 gallon storage tank provides 2.8 to 4 days of water for use under normal
consumption or emergency situations, respectively

Collaboration

Coordination across utility departments (IT, Engineering, Customer Service, etc.)
and with private sector, service users, and regulatory departments to support
program management, technology adoption, water quality compliance, training
and support services

Connectivity

Answer questions: Is this initiative aligned with other similar initiatives? Is there
duplication of effort that could better be streamlined to maximize limited
resource use. Are there other critical stakeholders that should be engaged?

Diversity

Business continuity plan includes multiple sources to procure technology
components

Efficiency

Create and operationalize a pathway and protocol for information sharing (e.g. a
communication plan for the system installation works process) that enables
information transmission via the shortest path possible
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Table 6.5 (continued)
Resilience Property

Description for Resilience-based Design of the Personal Tank Program

Flatness

Can the PTP be managed with little red tape? What is the agency (mechanisms)
of the department which manages the program to make decisions? E.g. use of
mobile applications e.g. WhatsApp on company cell phones to collect serviceusers reports and pictures

Flexibility

Answer this question: What mechanisms exist in the program design for sourcing
additional funding for completion of customer pre-installation requirements?

High Flux

Funding plan with secured resources in place to support program execution

Innovation and
Creativity

Utility staff are encouraged to utilize innovative and creative approaches to
developing solutions to support service requests.

Learning

A community of practice established for development of inclusive and holistic
stakeholder engaged solutions

Minimum level of
service

Create standards of service for the program delivery and technology performance

Planning Strategies

The program develops and evaluates Business Continuity Plans and Strategies to
manage vulnerabilities in relation to the business environment and its
stakeholders

Robustness or
absorptive

To any range of stressors (extreme climatic events, extended operational supply
interruption, staff cuts, PPP dissolution) the PTP and technology functions by
strapping down tanks for climate proofing, sending water tankers to refill service
user systems, communicate impact of human resources reductions with
stakeholder to manage expectations on service delivery (e.g. time for completion
of activities), and creating an enabling environment for PPP execution

Transparency

System in place for Grievance mechanism, dispute resolution, complaint
collection and responses in a timely manner

Figure 6.9 provides a framework for planning and implementation of the PTP so that the BWA is
positioned a leading institution in Barbados to accelerate the transformation of the landscape where
adoption of potable domestic storage is an island wide water practice. Adoption of domestic storage builds
resilience to supply interruptions caused by operational and climate impacts by ensuring households in
Barbados have access to water while the supply is being restored.
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Goal

Theory of
Change
Statement

Outcome
Outputs

Activities

Inputs

Assumptions
& Risks

The Barbados Water Authority (BWA) via the Personal Tank Program (PTP), promotes a
paradigm shift in service-users towards adoption of potable domestic water storage (PDWS), in
line with the goals of the Government of Barbados’ Roofs to Reefs Program and Sustainable
Development Model
IF the BWA builds a sense of
THEN service-users will be
BECAUSE the BWA’s
national urgency, mobilizes
persuaded to shift by 2030
investments, operations and
resources, and provides an
towards potable storage
its partners will be
enabling environment to
technology adoption and
streamlined to accelerate
encourage service-users to
selection consistent with
systemic change across the
adopt potable domestic water
water sector goals
country.
storage
BWA is positioned as a leading institution to accelerate PDWS adoption in Barbados
1. Strengthened institutional
2. Knowledge co-generation
3. Developed stakeholder
capacity for transformational
on technology design and
capacity to leverage lessons
planning and program
adoption practices
from the BWA PTP
management
• Good practices,
• More skilled and
• Strengthened institutional
methodologies and
informed practitioners
capacity
standards documented
and service users
and adopted
• Conducive enabling
environment
Support for institutional
Develop partnerships and
Delivery of capacity building
capacity to design and deliver
communities for knowledge
based on project learning
the Personal Tank Program
co-generation
(PTP)
Collaboration with other
Review and update
Capacity building material
public and private financing
technology designs and
creation
institutions to scale-up
training materials (including
technology adoption
monitoring and maintenance
of water quality)
Targeted requests for
Review and update
Capacity building needs
proposals to originate
observations from serviceanalysis
innovative business models,
user follow-up support
technology designs, training
activities
programs and service-user
support services
Proactive engagement to
Co-generate knowledge
influence regulatory and
products
policy environment changes to
produce conducive enabling
environments
• Human resources: ICT, HR, Procurement, Legal and Compliance, Accounting, Projects,
Marketing and Communications
• Technical expertise and communities of practice
• Financial Resources and partnerships with private sector and financing institutions
• Without leadership and management support there will be a lack of institutional buy-in
• Without sufficient resources (human and financial) there will be delayed and incomplete
implementation
• Without cross department collaboration there will suboptimal siloed program management
• Without external stakeholder buy-in there will be lack of commitment and engagement
• Without service-user demand there will not be technology adoption

Figure 6.9: Framework to guide the development of the Barbados Water Authority’s Personal Tank
Program
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The framework posits that the PTP as a water utility service can generate and sustain national
awareness and a sense of urgency for the adoption of potable storage to empowered service-users who
understand the need, and are persuaded to invest in the technology. Strengthened utility institutional
capacity for program management, mobilization of resources and investments into creating an enabling
environment for service users and project implementing partners will provide the catalyst to systematically
shift by 2030 the practice of water storage technology adoption. Prioritizing knowledge co-generation and
disseminations will also allow stakeholders to leverage the lessons learnt for continuous improvement of
program delivery. The framework proposes activities to achieve this outcome, highlights necessary inputs,
and identifies risks that can derail program execution.
6.6 Summary and Conclusions
This chapter provided utility, service user and private sector experiences with management, and
implementation of the BWA PTP. It analyzed socio-technical factors that impact successful program
execution and proposed interventions to improve the BWA’s service delivery.
The PTP technology provides under normal consumption and emergency conditions, water for 2.8
to 4 days, respectively for a family of 4. Though the system costs the utility BBD 6,400, it has retailed to
service users for BBD 4,800 as a 5–year interest-free hire purchase agreement – this needs to be resolved
to ensure long-term sustainability of the program.
From its launch in July 2017 to August 2019, 305 tank systems (51 free and 254 purchased) were
installed across the island with less than expected technology adoption in the parishes of St. Joseph, St
Thomas, St. John, and St. Andrew; the most impacted by the water supply interruptions. Of these systems
installed 285 are operational and 20 are non-operational. Of the non-operational systems, the majority (18)
were obtained for free by program participants. The service-user’s inability to afford to complete the
electrical, and or plumbing connection for the system contributed to this challenge.
BWA program management issues included staff cuts, delays in the technology adoption process
due to incomplete or incorrect fulfilment of customer pre-installation requirements (approximately BBD
500), contractor deviation from the works process to meet agreed targets, risk of compromised water quality
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when the system is used before the relevant training with the contractor or utility staff, and limited and time
consuming payment options due to non-integration of the PTP with the BWA customer and management
information systems.
Service users experienced system failures and called the utility for post-installation support services
within and outside of the warranty period, complaining about tank overflows, plumbing leaks, and pump
smart head malfunction. The potential for compromised water quality was also observed when service users
did not operate the system in “flow through” mode to reduce pump electricity costs.
New system installations for the PTP were put on hold in February 2019 due to breakdown in
contract negotiations on another project with the private sector company supporting the program. The
breakdown in the PPP can be attributed to regime (changes in utility structure, rules and processes) and
landscape pressures (external factors e.g. change in government). The utility and practitioner workshop
held in July 2019 highlighted that the proposed PPP could include a performance-based management and
operation contract, that should be priced to include installation and warrantied maintenance of the existing
sectional concrete base, tank, plumbing fittings, pump with smart head, and addition a of a filter, tap,
pressure reducing valve (based on location), and completion of the current service-user pre-installation
(electrical and plumbing) requirements. If the service-user is unable to afford the extra cost associated with
electrical requirements, it was suggested that another government program be approached to contribute.
The multi-level perspective (MLP) described the “transformation path” that led to the addition of
the PTP to the BWA regime as a socio-technical transition facilitated by changes at the landscape (drought,
social discord, government grant, government change, BERT Program), regime (operational interruptions,
department restructuring, PPP contract negotiations breakdown, staff cuts) and niche (household coping
strategies using potentially unsafe receptacles and service user demand and investment in storage tank
systems). The MLP identified socio-technical factors that are barriers or enablers to success of the PTP.
Service user payments (BBD 960 per year) typically represent 4.8% of the annual income of the those who
earn < BBD 20,000 per year (approximately 50%). Payments above this level may be cost prohibitive for
low income households. Long term funding of the PTP is not secured. There will be a continuous need to
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identify funding sources and cost recovery at the current subsidized retail price will impact this programs
ability to be financially sustainable. At the utility, greater collaboration across departments is needed to
streamline program management. The PTP needs a formal training program on systems installation and
maintenance, and programs for public awareness on the availability of this service. Inter-agency
partnerships with the Environmental Protection Department and the Environmental Health Department are
also critical to ensure that the PTP’s activities align with location regulations and best practices. Creation
of the Barbados National Water Master Plan is expected to address potable domestic storage as a water
resources management strategy. This outcome potentially increases the priority of this practice and provides
the BWA with a platform to serve as a leader in this space.
Based on these identified socio-technical barriers and enablers, to increase the resilience of the
PTP, the application of sixteen (16) resilience design principles for program management and
implementation were described. These resilience principles along with the socio-technical factors were then
used to “Develop a framework to guide planning and implementation of the BWA Personal Tank Program”
(Objective 2). For the BWA to be positioned as a leading institution to accelerate potable domestic water
storage adoption in Barbados, the framework proposes activities to achieve this outcome, highlights
necessary inputs, and identifies risks that can derail program execution. The PTP is a direct expression of
tangible effects of operationalization of a resilience pathways, that takes this concept from theory, to policy
and decision making, to planning, and finally to action, at the household level.
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Chapter 7: Conclusions and Recommendations for Future Work

7.1 Summary of Key Conclusions
The first step to building consensus on what resilience means for the water sector, is to describe
how it is characterized and operationalized in the infrastructure system. The overall goal of this dissertation
is to understand and evaluate how resilience is characterized and operationalized in the Barbados water and
wastewater infrastructure system, using a socio-technical system framework. The socio-technical
framework (physical components, people, institutions) allowed for evaluation of the strengths and
weaknesses of different pathways for building resilient water and wastewater services at the Barbados
Water Authority (BWA).
For Objective 1, resilience was characterized in terms of system 1) properties, 2) stressors, and 3)
interventions. These three (3) factors are described as essential resilience assessment elements (Juan Garcia
et al. 2017). To identify the resilience properties, in Chapter 4 utility management, external management
stakeholders and utility employees answered the question “What does resilience for the Barbados water and
wastewater infrastructure system, and the BWA mean to you?” Analysis of these answers identified twentyfour (24) resilience properties, three (3) technology-based solutions and sustainability as characteristics that
enable the Barbados water and wastewater infrastructure system to be resilient. BWA resilience priorities
included water, energy, finance, leadership and planning and compliance.
Resilience properties identified through this research, aligned with not just one already published
piece of literature, but instead with multidisciplinary bodies of resilience literature, including engineering,
infrastructure, socio-technical and organization systems. Fourteen (14) of the properties are applicable to
both the socio-governance and technical system components, 6 can be applied only to the socio-governance
system, and 3 can be applied only to the technical engineered system. This result is significant because the
majority of water sector resilience literature tends to only focus on the technical engineered system
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components, however the Barbados context for water sector resilience, has demonstrated that the sociogovernance aspects are equally important in the characterization of system resilience.
The identification of resilience properties from different disciplines has the advantage of
identifying a more inclusive and diverse set of characteristics, and opportunities for joint optimization and
transformation of social and technical factors in the system. Conversely, the disadvantage is that this adds
complexity and uncertainty in defining the system boundary, and assessing together the social and technical
resilience properties that tend to exist across different temporal and spatial scales.
In Chapter 5, system challenges (stressors) and interventions were described with reference to the
BWA’s mandated performance - to provide safe, reliable, sustainable water and wastewater services.
Twenty-seven (27) challenges were identified across the stakeholder groups and these included water
supply scarcity, spare equipment availability, non-revenue water, staff complement and required skillsets,
customer engagement, tariff sustainability and budget constraints. Consequent priority interventions
included a creation of a maintenance program for existing assets, capital improvement projects for pip
replacement and integrating renewable energy at utility facilities, water supply augmentation, workforce
training, succession planning, leadership and governance, inter-agency partnerships, water-energy nexus
company opportunities, regulatory compliance, and utility financial planning.
Evaluation of the strengths and weaknesses, and synergies and tradeoffs of eighteen (18)
recommended interventions found that those already supported by the current BWA’s governance
structures, policies and practices will be easier to operationalize. Whereas, others will require intentional
planning and action/implementation to change the infrastructure system. For example, the recommended
intervention for a maintenance program with life cycle management of assets, was also highlighted in the
2019 BWA Risk Assessment with the utility recommendation that departments create and institutionalize
standard operating procedures as part of the maintenance program. The transition to resilient utility services
will therefore require an alignment of the stakeholder interventions with BWA plans, policies and practices.
BWA service delivery in a socio-technical system occurs through interactions between the physical
system components, institutions that provide governance and management arrangements (e.g. regulator,
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union, utility board), and people who represent your workforce and customers. Describing and evaluating
the resilience of the Barbados water and wastewater infrastructure system identified water, energy, finance,
leadership and planning and compliance as priority areas for the BWA. Water and energy interventions
proposed represent a re-envisioned utility business model that invests in household water storage to reduce
the frequency and duration of household supply interruptions, and renewable energy production to reduce
operational costs, earn revenue and mitigate climate impacts. Systematic and frequent customer
engagement on the relationship between Barbados’ status as a water scarce country, and presence of short
term and term drought conditions, is needed to encourage behavior changes towards water conservation,
investment in potable and rainwater storage, and resource recovery/water reuse options. Employee sense of
belonging and commitment to the organization would also be improved by increasing knowledge of the
BWA infrastructure system, and building credibility and respect in the employee-management relationship.
Utility staff have proposed multiple solutions to transition to resilient services and would like to know that
their perspectives are valued and pursued where possible. To address job security concerns, new job
opportunities are proposed, but they are currently outside of the scope of utility operations. Evaluation of
these would therefore require union negotiations and changes in legislation. These findings highlight how
structural aspects inhibit innovation, i.e. comments by employees that they could provide additional
services, but regulations foreclosed on them doing so.
For Objective 2, in Chapter 6, the Barbados Water Authority’s Personal Tank Program (PTP) was
evaluated to understand how resilience is operationalized at the household level. Utility, service user and
private sector experiences with management, and implementation of the PTP were documented, and then
analyzed to identify socio-technical factors that impact successful program execution. These factors were
then used to propose interventions to improve the BWA’s delivery of this service. For a family of 4, the
400 gallon potable water storage system provides under normal consumption and emergency conditions,
water for 2.8 to 4 days, respectively. Although the cost to the utility for one storage system and maintenance
support is BBD 6,400, the technology is retailed to service users for BBD 4,800 as a 5–year interest-free
hire purchase agreement – this needs to be resolved to ensure long-term sustainability of the program.
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BWA program management issues included staff cuts, delays in the technology adoption process
due to incomplete or incorrect fulfilment of customer pre-installation requirements. Ongoing customer
support entails repair of system failures including tank overflows, plumbing leaks, and pump smart head
malfunction. To support the PTP’s implementation, a re-envisioned Public Private Partnership (PPP) using
a performance-based management and operation contract was proposed by micro, small and medium-sized
enterprises (MSMEs). Elements of this contract include the installation and warrantied maintenance of the
existing system components – a sectional concrete base, tank, plumbing fittings, pump with smart head,
the addition a of a filter, tap, pressure reducing valve (based on location) to the system design, and
completion of the current service-user pre-installation (electrical and plumbing) requirements.
Socio-technical factors that are barriers and/or enable success of the PTP include: affordability of
service user system payments which are equivalent to 4.8% of the annual income of the those program
participants who earn less than BBD 20,000 per year (approximately 50%); a formal training program for
system use, maintenance and water quality monitoring; system design alternatives that reduce pump energy
use; an enabling environment for execution of the PPP that facilitates knowledge co-development, and
includes a grievance and conflict resolution mechanism; and a utility funding mechanism to support this
program over the long term that is not solely reliant on grant funding.
A framework informed by these findings was developed to guide planning and implementation of
the PTP. It positions the BWA as a national leader in the space for domestic potable water storage adoption
in Barbados. It also proposes activities to achieve this outcome, highlights necessary inputs, and identifies
risks that can derail program execution. These findings have also been used to create the Terms of
References (TORs) for a Needs Assessment that will identify 1,500 vulnerable households to receive
potable water storage systems by the PTP. Funding for this exercise is provided by the Green Climate Fund,
via the Water Sector Resilience Nexus for Sustainability in Barbados Project (WSRN S-Barbados).
The BWA PTP evolved as a reaction to failed governance for water infrastructure management.
The PTP as a solution to addressing impacts of the water crisis also created an opportunity for bottom-up
utility, private sector and community engagement for innovation on increasing potable household storage.
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Household storage is needed to build supply resilience to operational failures, and to climate change impacts
from extreme events (e.g. storms), and slower moving disturbances like long term drought. The PTP is the
first example of a utility introducing infrastructure at the household for water storage. This action has shifted
the responsibility for water access with associated cost burdens to the household, while also introducing
utility liability for infrastructure on private property, and their responsibility for system repair, inspection
and maintenance, water quality monitoring, equitable access to water storage due to system affordability,
and interactions with customers. These findings demonstrate challenges in adapting existing governance
arrangements to new modes of service delivery.
Stakeholder feedback has also identified opportunities to mainstream gender (e.g. tank size and
opening for ease of access and cleaning to maintain water quality) and social inclusion (e.g. including easily
accessible bill payment locations) considerations in program and technology design. This research
demonstrates that gender dimensions of service provision are important, and that BWA needs to improve
its ability to apply a gendered lens to project designs. The PTP has positioned the BWA to take a leading
role in the transition to towards domestic tank system adoption by mobilizing resources and supporting
future National Water Policy that will prioritize household water storage.
A list of deliverables or information developed for and with the BWA as a result of this dissertation
is provided below:
•

GIS Database that provides a socio-economic profile of program participants, and identifies
patterns of system failure

•

Draft Operating Manual for PTP Framework including opportunities for PPPs generated from
the micro and small enterprise workshop

•

Design Alternatives: all of these activities have been used to inform the TORs for the consultant
hired to perform a needs assessment and identification of 1,500 households that will receive a
free tank system.
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•

Isaacs, W.N., Halliday, K., Cadogan, E., Trotz, M.A. (2019, November). What is Water Sector
Resilience? Perspectives from the Barbados Water Authority. Water Sector Resilience
Seminar, November 27, 2019. https://www.youtube.com/watch?v=sDc_zHU9Z8M

•

Isaacs, W.N., Halliday, K., Cadogan, E., Trotz, M.A. (2019, November). What is Resilience?
Barbados’ Water Utility Perspectives. Water Sector Resilience Symposium at the Ministry of
Energy & Water Resources’ Renewable Energy Expo, Barbados, November 22, 2019.
http://www.caribbeanclimate.bz/wp-content/uploads/2019/11/WSRN-SymposiumAgenda2_.pdf

•

Isaacs, W.N., Halliday, K., Cadogan, E., Trotz, M.A. (2019, October). Resilience of the
Barbados Water Sector: Utility Management Perspectives. Proceedings of the 28th Annual
Conference and Exhibition of the Caribbean Water and Wastewater Association (CWWA),
Frigate Bay, St. Kitts & Nevis, October 14 - 18, 2019.

•

Isaacs, W.N., Cadogan, E., Trotz, M.A. (2019, May). Utility-Service User Partnership for
domestic potable water system adoption in Barbados. In World Environmental and Water
Resources Congress 2019: Emerging and Innovative Technologies and International
Perspectives (pp. 173-181). Reston, VA: American Society of Civil Engineers.

7.2. Limitations and Recommendations for Future Work
The essential resilience assessment elements identified in Chapters 4 and 5 can now be used to
build consensus on a definition for resilience for the Barbados water and wastewater infrastructure system.
This could be conducted via a series of focus groups and workshops at the utility. Once a definition is
confirmed, it can be used in combination with the characterized system properties, stressors (challenges),
performance and interventions to inform and adapt metrics and indicators, that can assess, benchmark, and
monitor progress towards becoming a more resilient water infrastructure system. A framework to guide this
assessment would need to be developed. The framework developed will require an examination of how to
integrate socio and technical system resilience properties/characteristics that exist across different scales.
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The interview and survey results did not provide much specific information for the wastewater
system resilience characterization, and this remains an area for further exploration. Additionally, this
research’s focus on Barbados’ water infrastructure system and BWA service provision did not capture much
detail on the socio-ecological system resilience capacities that are required to ensure water source supply
from natural systems. Resilience of socio-ecological systems for water resources management in Barbados
is another recommended area for future research. Lastly, Union-specific perspectives in literature on water
infrastructure system resilience is lacking, and this represents an area with scope for further research.
The Barbados Water Authority’s Personal Tank Program (BWA PTP) was used to provide an indepth analysis of the socio-technical transitions of a resilient pathway that demonstrates how the concept
of building utility and service user (customer) resilience to supply interruptions, can translate from a
theorized principle, to plans, and then tangible actions. Evaluation of this pathway has identified sociotechnical factors that utilities must consider as they provide services beyond the meter, at the household
level.
A first consideration is a financial assessment of the PTP to identify funding needs and costrecovery potential. The PTP is envisioned to be managed as a revolving fund, however, the current
subsidized retail price of the system and slow cost recovery threatens the program’s ability to function in
this intended manner. Another consideration for future work is to propose system design alternatives that
reduce or eliminate pump energy use. Alternative designs must be service user affordable, cost effectively
managed by the utility, and allow for efficient and safe installation by the private contractor. Lastly, the
PTP has created a need for service user support for potable storage system maintenance, and water quality
monitoring. A third area for future research is the evaluation of the full range of support services that can
be provided by MSMEs for this emerging water sector market.
The Barbados Water Authority’s Personal Tank Program is a unique example of actionable lessons
that leverage social and technical factors, for successful utility service delivery, and household water
storage technology adoption. With the nascent trend of water utilities providing households with services
beyond the meter, resilience learning for water sector transition and change in this Caribbean context, can
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inform overall resilience practices for the sector globally. Investment in household water storage in response
to water scarcity and other climate related water supply interruptions, is eligible for financing by the Green
Climate Fund.
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Appendix A: Institutional Review Board (IRB) Certification Documentation
The letter below is permission from the University of South Florida’s Institutional Review Board
(IRB) for the data collected from human subjects as outlined in the methodology in Chapter 3.
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Figure A.2 Institutional Review Board Continuing Review Study Approval Letter
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Figure A.2 (continued)
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Appendix B: Interview Script for Utility Management
and External Management Stakeholders

Figure B.1: Questions asked during semi-structured interviews conducted with Utility Management and
External Management Stakeholders
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Appendix C: Utility Employee Survey

Figure C.1 Survey instrument administered to employees of the Barbados Water Authority
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Figure C.1 (continued)
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Figure C.1 (continued)
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Figure C.1 (continued)
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Appendix D: Technology Adoption and Practitioner Workshop Questions

Figure D.1 Questions for structured interviews with stakeholders engaged in the adoption of domestic
potable water tank systems in Barbados
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Appendix E: Open and Axial Coding Example
Table E.1: Example of open and axial coding for the theme “Energy Supply” identified in response to the
interview question “What does resilience of the Barbados Water Authority mean to you?”
Interview Text
Open Code
Axial
Code
(Initial)
(Recoding
Result)
The BWA should not be paying this much in electricity costs.
Cost of Energy
Renewable Energy (RE) is the direction the world is going with 12
Supplied/
hours of sunlight. We need to try to get many RE projects approved,
as well as our % of grid access increased. Outside of salary and Renewable Energy
wages, electricity is the 2nd largest cost.
The monthly budget is BBD 1.7–2 Million, with room for growth.
The more facilities that are added can increase the electricity usage.
To address water outages, 3 Desal Plants be installed, but electricity
costs will increase. The South Coast needs a lift station, with
attendant electricity costs.

Cost of Energy
Supplied

Energy
Supply

Historically, most persons have seen a Category 1 or Category 2 pass
Barbados. The worst was Hurricane Jeanette, 1956. Since then the
system is designed to resist a Category 4 hurricane. As a measure,
the solar systems are oversized to help with storage, sell power and Renewable Energy
leave the extras for redundancy. Using Belle Station (1MW) as an
example, half of the solar field was damaged, but the farm was still
able to produce the required load.
The water bill should have a fuel clause compensation, since BLP
can change conditions and rates and can cause the BWA to lose
millions of dollars.

Cost of Energy
Supplied

While solar will provide resilience and tariff stability, anything sold
to the grid can be used to offset costs. Excess monies made by BWA Renewable Energy
could then be used for other government departments
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Table E.1 (continued)
Interview Text

Open Code
(Initial)

Adjustment of fuel charges should also be accounted for in the water
rate vs periodic review. With the fixed rate, the BWA experiences
systemic losses. It is felt that while the BLP insulates itself by the
fuel adjustment clause re variation in fuel charges, BWA just wants
to meet is overheads, and any variability in the cost should be to
maintain these overheads, put aside stuff for capital budgets, and
satisfy all debtors

Cost of Energy
Supplied

Chasing grant funding is only a short-term measure, where the focus
is not on resilience but getting the energy costs down, that is the
objective

Cost of Energy
Supplied

In the case of water, all water is pumped, so that if there is no
electricity, there will be no water.

Energy for
Pumping

Energy Consumption constitutes 1/5 of expense, amounting to about
20 million per year, out of an annual budget of about 100 million.

Cost of Energy
Supplied

Axial
Code
(Recoding
Result)

Resilience looks at long-term options (wind, sea), since things like
natural gas are exhaustible but have a role. In other words, everything
has a place and there cannot be a one-dimensional approach. Renewable Energy
Resilience for the water sector is really about energy resilience, since
everything that is done revolves around energy consumption.
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Appendix F: Utility Survey Data Tables

Table F.1: Age and Gender distribution of utility survey respondents (n=144)
Age Range
Female % Female
Male
%Male
18 - 25
0
0.00
2
1.39
26 - 35
4
2.78
10
6.94
36 - 45
14
9.72
22
15.28
46 - 55
13
9.03
71
49.31
56 - 65
3
2.08
4
2.78
>65
1
0.69
0
0.00
35
24.31
109
75.69

Table F.2: Utility survey respondents’ distribution by Parish (n=144)
Parish
Count
Christ Church
12
St. Andrew
2
St. George
14
St. James
6
St. John
15
St. Joseph
5
St. Lucy
2
St. Michael
57
St. Peter
11
St. Philip
13
St. Thomas
7
144

% of Total
8.33
1.38
9.72
4.17
10.42
3.47
1.39
39.58
7.64
9.028
4.86
100

189

Table F.3: Highest level of education achieved of utility survey respondents (n=144)
Education Level Achieved
Count
% of Total
No schooling completed
Primary
Secondary
Trade/Technical/Vocational training
Associate’s degree
Bachelor’s degree
Doctorate degree
Master’s degree
Postgraduate diploma
Unknown

1
2
15
60
7
30
1
12
6
10
144

Table F.4: Annual household income of utility survey respondents (n=144)
Annual Household Income
Count
BBD 0 - 9,999
4
BBD 10,000 - 19,999
4
BBD 20,000 - 49,999
58
BBD 50,000 - 99,999
39
BBD 100,000 - 149,000
9
BBD 150,000 - 199,999
2
BBD 200,000 and Over
1
Not Provided
27
144

0.69
1.39
10.42
41.67
4.86
20.83
0.69
8.33
4.17
6.94
100.00

% of Total
2.78
2.78
40.28
27.08
6.25
1.39
0.69
18.75
100.00
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Table F.5: Departments of utility survey respondents (n=144)
Department
Board Secretariat & General Management
Engineering
Finance
Human Resources & Administration
Information Technology
Internal Audit
Legal & Compliance Unit
Project Management Office
Special Projects
Wastewater
Grand Total

Total
2
91
31
6
1
2
1
4
1
5
144

% of Total
1.39
63.20
21.53
4.17
0.69
1.39
0.69
2.78
0.69
3.47
100

Table F.6: Utility survey respondents’ satisfaction with Barbados Water Authority service provision (n=
134-141)
Satisfied
Neither
Dissatisfied I do not receive
Blank
N
Service
satisfied nor
this service from
dissatisfied
the BWA
Water Supply Quality
134
5
2
0
3
141
Water Supply Quantity
129
7
5
0
3
141
Water Supply Pressure
118
10
13
0
3
141
Water Supply
122
8
9
0
5
139
Reliability
Water Supply Cost
82
17
36
1
8
136
Sewage Disposal and
25
29
26
58
6
138
Treatment
(Wastewater)
Wastewater Service
12
35
34
54
9
135
Cost
Customer Service
56
12
66
2
8
136
Repair/Replacement of
23
49
37
26
9
135
Faulty Meters
Repair of Leaks
45
27
35
27
10
134
Notification of Planned
64
21
28
21
10
134
Interruptions to Water
Supply
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Table F.7: Utility survey respondents’ selection of utility management areas most important for effective
operation of the water and wastewater system (n=141)
Utility Management Area
Count
% Total
Human Resources Recruitment, Retention and Training
102
16.32
Occupation Safety and Health
95
15.20
Fundraising: Capital Investment & Maintenance
77
12.32
Customer Service
65
10.40
Non-Revenue Water Management
63
10.08
Wastewater Management
61
9.76
Planning & Implementation
45
7.20
Financial Management
35
5.60
Asset Management
29
4.64
Information Management Systems
24
3.84
Industrial/Union Relations
16
2.56
Climate Planning
7
1.12
Legal & Regulatory Compliance
3
0.48
Other
3
0.48
Total
625
100.0

Table F.8: Utility survey respondents’ selection of the physical factors are most important for effective
operation of the water and wastewater system (n=127)
Physical Factors
Count
% Total
90
19.8%
Water Source Availability (Ground, Surface,

Rainwater)
Equipment Efficiency and Energy Consumption
Fats, Oils and Grease Disposal in Sewer Network
Portable Tools and Equipment Availability
Energy Back-up
Water Storage Availability
Meter Functionality
Infrastructure Location and Access
Mapping of Infrastructure
Transportation
Water Pressure Variability
Other
Cyber Attack
Total

88
67
48
43
34
24
21
17
11
6
4
1
454

19.4%
14.8%
10.6%
9.5%
7.5%
5.3%
4.6%
3.7%
2.4%
1.3%
0.9%
0.2%
100.0%
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Table F.9: Utility survey respondents’ selection of the actions they take at home to ensure access to safe
and reliable water and wastewater services (n=68)
Household Water Use Practice
Count
% Total
Check for leaks
42
19.6%
Store Potable Water in Containers
36
16.8%
Use water conservation fixtures (e.g. water efficient showerheads,
plumbing fixtures, appliances)
33
15.4%
Clean water storage receptacles (containers, tanks)
26
12.1%
Treat water (e.g. add chlorine, use filter, etc.)
21
9.8%
Store Potable Water in Tanks
20
9.3%
Rainwater Harvesting
15
7.0%
Reuse water
10
4.7%
Maintain septic tank
8
3.7%
Other (please specify)
3
1.4%
Total
214
100.0%

Table F.10: Utility survey respondents’ perceptions of the impacts of climate change on the water and
wastewater infrastructure n=57-61)
Neither Agree
Agree
Disagree
nor Disagree
Climate Change Impact
N
Count
Count
Count
%
%
%
Increased risk of Flood
35
57.4
12
19.7
14
23.0
61
Increased risk of Drought
45
72.6
9
14.5
8
12.9
62
Storm and Wind Damage
41
67.2
8
13.1
12
19.7
61
Sea Level Rise
33
54.1
16
26.2
12
19.7
61
Saline Intrusion
38
60.3
10
15.9
15
23.8
63
No Impacts from Climate
Change
5
8.5
24
40.7
30
50.8
59
I don’t know
7
12.3
33
57.9
17
29.8
57
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Appendix G: Personal Tank Program Data Tables

Table G.1: Tank installations by Parish
Parish
Count of
Tanks
Christ
54
Church
St. James
41
St. Philip
40
St. Peter
33
St. Michael
31
St. Joseph
27

% Total

Parish

17.7%

St. Thomas

Count of
Tanks
25

13.4%
13.1%
10.8%
10.2%
8.9%

St. John
St. George
St. Andrew
St. Lucy
-

24
14
9
7
-

Table G.2: Program participant annual household income distribution
Annual Household Income
Count
< BBD 10,000
8
BBD 10,001 – BBD 20,000
22
BBD 20,001 – BBD 50,000
98
BBD 50,001 – BBD 100,000
86
>BBD 100,000
26
Unknown
65
Total
305
Table G.3: Number of occupants in program participant household
Household
1
2
3
4
5
Occupants
Count
38
86
54
49
18
% Total
12.5% 28.2% 17.7% 16.1%
5.9%

7.9%
4.6%
3.0%
2.3%
-

8.2%

% Total
2.6%
7.2%
32.1%
28.2%
8.5%
21.3%
100%

6

Unknown

Total

7
2.3%

53
17.3%

305
100%

Table G.4: Program participants who are household owner vs tenants
Type of Occupancy
Owner
Tenant
Count
247
7
% Total
81.0%
2.3%
Table G.5: Program participant who are pensioners and utility staff
Type of
Pensioners
Unknown
Participant
Pensioners
Count
41
264
% Total
13.4%
86.6%

% Total

Unknown
51
16.7%

BWA
Staff
7
2.3%
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Table G.6: Free, purchased, operational and inoperational status of the program tanks
Procurement
Free
Purchased
Paid in Full Operational Inoperational
Count
51 (16.7%)
254 (83.3%)
16(5.6%)
285
20
% Total
16.7%
83.3%
5.2%
93.4%
6.6%
Operational
33 (64.7%)
252 (82.6%)
Inoperational
18 (35.3%)
2 (0.8%)
Complaints
11 (3.6%)
146 (47.9%)
Table G.7: Tank installations by year
Year
2017
2018
2019
Total

Tanks Installed
106
194
5
305

% Total
34.8%
63.6%
1.6%
100%
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Appendix H: Pump Energy Cost Assessment

The Barbados Light and Power Electricity Bill Calculator was used to obtain the monthly fuel
charges https://www.blpc.com.bb/bill-un/bill-est.html.
𝑇𝑜𝑡𝑎𝑙 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝐵𝑖𝑙𝑙 = 𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑅𝑎𝑡𝑒 + 𝑉𝐴𝑇
𝑀𝑜𝑛𝑡ℎ𝑙𝑦 𝑅𝑎𝑡𝑒 = 𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐶ℎ𝑎𝑟𝑔𝑒 + 𝐵𝑎𝑠𝑒 𝐶ℎ𝑎𝑟𝑔𝑒 + 𝐹𝑢𝑒𝑙 𝐶ℎ𝑎𝑟𝑔𝑒

Equation 3
Equation 4

where:
Customer Charge = BDS 6 for the 0–150 kWh domestic block
Base Energy Charge (kWh) = 0.15 * Energy Usage
Fuel Charge varies, and
VAT = 17.5% * Monthly Rate
Table H.1: Monthly electricity costs associated with use of the pump in the Barbados Water Authority
Personal Tank Program with least and most expensive projections highlighted in green
Minimum Pump
Maximum Pump
Electricity Cost (BDS)
Electricity Cost (BDS)
Monthly Pump
Fuel
Monthly VAT Total Monthly VAT Total
Energy Use
Charge
Rate
Rate
(kWh)
Month Days Min
Max
cent/
5 hrs
8 hrs
kWh
Nov-16
30
66
105.6
24.9911
32.39
5.67 38.07
48.23
8.44 56.67
Dec-16
31
68.2
109.12 21.0279
30.57
5.35 35.92
45.31
7.93 53.24
Jan-17
31
68.2
109.12 22.2866
31.43
5.5
36.93
46.69
8.17 54.86
Feb-17
28
61.6
98.56
23.8847
29.95
5.24 35.19
44.32
7.76 52.08
Mar-17
31
68.2
109.12 26.4981
34.3
6
40.3
51.28
8.97 60.26
Apr-17
30
66
105.6
25.0169
32.41
5.67 38.08
48.26
8.45
56.7
May-17
31
68.2
109.12 24.0533
32.63
5.71 38.35
48.61
8.51 57.12
Jun-17
30
66
105.6
24.0533
31.78
5.56 37.34
47.24
8.27 55.51
Jul-17
31
68.2
109.12 22.3400
31.47
5.51 36.97
46.75
8.18 54.93
Jul-17
31
68.2
109.12 22.3400
31.47
5.51 36.97
46.75
8.18 54.93
Aug-17
31
68.2
109.12 22.3400
31.47
5.51 36.97
46.75
8.18 54.93
Sep-17
30
66
105.6
23.8118
31.62
5.53 37.15
46.99
8.22 55.21
Oct-17
31
68.2
109.12 28.0138
35.34
6.18 41.52
52.94
9.26
62.2
Nov-17
30
66
105.6
26.5914
33.45
5.85
39.3
49.92
8.74 58.66
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Table H.1 (continued)

Month

Days

Dec-17
Jan-18
Feb-18
Mar-18
Apr-18
May-18
Jun-18
Jul-18
Aug-18
Sep-18
Oct-18
Nov-18
Dec-18
Jan-19
Feb-19
Mar-19
Apr-19
May-19
Jun-19
Jul-19
Aug-19
Sep-19
Oct-19
Nov-19
Dec-19
Jan-20
Feb-20

31
31
28
31
30
31
30
31
31
30
31
30
31
31
28
31
30
31
30
31
31
30
31
30
31
31
29

Monthly Pump
Energy Use
(kWh)
Min
Max
5 hrs
8 hrs
68.2
109.12
68.2
109.12
61.6
98.56
68.2
109.12
66
105.6
68.2
109.12
66
105.6
68.2
109.12
68.2
109.12
66
105.6
68.2
109.12
66
105.6
68.2
109.12
68.2
109.12
61.6
98.56
68.2
109.12
66
105.6
68.2
109.12
66
105.6
68.2
109.12
68.2
109.12
66
105.6
68.2
109.12
66
105.6
68.2
109.12
68.2
109.12
63.8
102.08

Fuel
Charge
cent/
kWh
25.8770
25.8770
28.7500
28.7500
27.4759
28.6051
35.7825
35.7825
37.0426
35.7825
32.1238
32.1238
29.0166
24.8711
24.8711
28.6017
32.1180
32.1180
32.1180
28.9062
28.9062
28.9062
27.4609
25.5386
28.0925
29.9747
27.6962

Minimum Pump
Electricity Cost (BDS)
Monthly VAT Total
Rate

33.88
33.88
32.95
35.84
34.03
35.74
39.52
40.63
41.49
39.52
38.14
37.10
36.02
33.19
30.56
35.74
37.10
38.13
37.10
35.94
35.94
34.98
34.96
32.76
35.39
36.67
33.24

5.93
5.93
5.77
6.27
5.96
6.25
6.92
7.11
7.26
6.92
6.67
6.49
6.3
5.81
5.35
6.25
6.49
6.67
6.49
6.29
6.29
6.12
6.12
5.73
6.19
6.42
5.82

39.81
39.81
38.72
42.11
39.99
41.99
46.43
47.74
48.75
46.43
44.81
43.59
42.32
39
35.91
41.99
43.59
44.81
43.59
42.23
42.23
41.1
41.08
38.49
41.58
43.09
39.06

Maximum Pump
Electricity Cost (BDS)
Monthly VAT Total
Rate

50.6
50.6
49.12
53.74
50.85
53.58
59.63
61.41
62.79
59.63
57.42
55.76
54.03
49.51
45.3
53.58
55.76
57.42
55.76
53.91
53.91
52.36
52.33
48.81
53.02
55.08
49.58

8.86
8.86
8.6
9.4
8.9
9.38
10.43
10.75
10.99
10.43
10.05
9.76
9.46
8.66
7.93
9.38
9.76
10.05
9.76
9.43
9.43
9.16
9.16
8.54
9.28
9.64
8.68

59.46
59.46
57.72
63.4
59.75
62.96
70.06
72.16
73.78
70.06
67.47
65.52
63.49
58.17
53.22
62.95
65.51
67.46
65.51
63.34
63.34
61.53
61.49
57.35
62.3
64.71
58.26
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Appendix I: Copyright Permission

The copyright permission below is from the Caribbean Water and Wastewater Association for the
use of materials in Chapter 4 of this dissertation
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The copyright permission below is from the American Society of Civil Engineers for the use of
materials in Chapter 6 of this dissertation
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Below is permission for use of material in Figure 3.1
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Below is permission for use of material in Figure 3.1
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Below is permission for use of material in Figure 3.1
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Appendix J: List of Acronyms

AWWA

American Water Works Associations

BBD

Barbados Dollars

BERT

Barbados Economic Recovery and Transformation

BL&P

Barbados Light and Power

CAF

Development Bank of Latin America

CAP

Customer Assistance Program

CCCCC/5Cs

Caribbean Community Climate Change Center

CDB

Caribbean Development Bank

CEHI

Caribbean Environmental Health Institute

CIA

Central Intelligence Agency

CIMH

Caribbean Institute for Meteorology and Hydrology

CIS

Customer Information System

CL

Chlorine

CRWU

Creating Resilient Water Utilities

CWSRI

Caribbean Water Sector Resilience Index

DBO

Design-Build-Operate

DRWH

Domestic Rainwater Harvesting

EBRD

European Bank for Reconstruction and Development

EHD

Environmental Health Department

EIB

European Investment Bank

EPD

Environmental Protection Department

FOG

Fats, Oils and Grease

FTC

Fair Trading Commission

GCF

Green Climate Fund

GDP

Gross Domestic Product
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GIS

Geographic Information System

GIZ

Gesellschaft für Internationale Zusammenarbeit

GOB

Government of Barbados

gpcd

Gallons per capita daily

GSC

Garbage and Sewage Contribution

GWSS

Guaranteed (Water) Service Standard

HDPE

High-density polyethylene

HR

Human Resources

HRD

Human Resources Development

ICT

Information and Communications Technology

IDB

Inter-American Development Bank

IMF

International Monetary Fund

IRB

Institutional Review Board

IT

Information Technology

IWRM

Integrated Water Resources Management

lpcd

Liters per capita daily

M&C

Marketing and Communications

MGD

Millions of Gallons per Day

MIS

Management Information System

MLP

Multi-Level Perspective

MSE

Micro and Small Enterprise

NGO

Non-Governmental Organization

NRW

Non-Revenue Water

OWSS

Overall (Water) Service Standard

PDWS

Potable Domestic Water Storage

PET

Polyethylene Terephthalate

PMAS

Performance Management and Appraisal System

POU

Point of Use

PPP

Public-Private Partnership

PTP

Personal Tank Program
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R2RP

Roofs to Reefs Program

RE

Renewable Energy

RESILENS

Realizing European Resilience for Critical Infrastructure

RQ

Research Question

RFP?

Request for Proposal

RRR(3Rs)-CReWS

Reduce, Reuse, Recycle for Climate Resilient Water Systems

RRU

Rapid Response Unit

RSAP

Regional Strategic Action Plan

RWH

Rainwater Harvesting

ST

Socio-Technical

TVET

Technical & Vocational Education and Training Council

UK

United Kingdom

UNHCR

United Nations High Commission for Refugees

USAID

United States Agency for International Development

USD

United States Dollars

VFD

variable frequency drive

US EPA

United States Environmental Protection Agency

WB

World Bank

WGS

World Geodetic System

WHO

World Health Organization

WSRN S-Barbados

Water Sector Resilience Nexus for Sustainability in Barbados

WUCA

Water Utility Climate Alliance
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